TS800 HARDWARE THEORY OF OPERATION 



This Theory of Operation describes the hardware layout, 
functions and operations . 
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1.0 INTRODUCTION 



The TS 800 is a satellite user station which is designed to 
be used along with a TeleVideo Systems service processor 
(TS806 or TS816 ) . Logically/ TS800 is divided into two 
portions, a smart terminal portion and a Z-80 computer por- 
tion. The terminal portion is identical to the 950 terminal 
except that some of the circuits are modified to communicate 
with the Z-80 computer portion; (Block Diagram is shown in 
Figure 1). TS-80 has two ports; one of the ports is the 
RS-232 printer port which has the same functions as in the 
950 terminal. The second port is a high speed RS-422 port 
which is used to interface to the TeleVideo Systems service 
processor. Since the TS800 does not have local file storage, 
the operating system and user programs are retreived from the 
TeleVideo Systems service processor through the RS-422 commun- 
ication link . 
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SYSTEM BLOCK DIAGRAM 
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2.0 Z-80 COMPUTER BOARD DESCRIPTION 



This section describes only the Z-80 computer portion hardware. 
For the TS800 terminal portion, please refer to Section six. 
The Z-80 computer portion contains four Z-80A family chips 
(the CPU, CTC, SIO and DMA); 64K bytes of dynamic RAM, 4K 
bytes of ROM, IK bytes of static RAM and all the required 
control logic . The block diagram of the Z-80 computer 
board is shown in Figure 2 . 
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FIGURE 2 BLOCK DIAGRAM OF TS-80 COMPUTER BOARD 



All the Z-80A chips are driven by a 4 MHz system clock, which 
is also used to generate the necessary timings for the memory 
control logic. Z 8 OA-CPU has a 16 bit memory address bus. The 
lower eight address lines are also used to address up to 256 
input /output devices. During instruction fetch cycles , the 
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CPU sends out refresh addresses and the refresh enable signal 
to the memory control which refreshes 64K bytes of dynamic 
RAM. The TS800 has five input/output devices which are the 
DMA, SIO, CTC, DIP switch, LED memory latch. The data bus 
is an eight bit bidirectional bus . The third bus is the 
control bus which includes the following signals: Ml- , MREQ- , 
IORQ-, RD-, WR-, RFSH-, WAIT-, INT- , RESET- , BUSRQ- , and 
BUSAK- . The Z80A-CTC is a four channel programmable, timing 
generating chip. It can be programmed as a timer or as a 
counter. The main function of this CTC in TS800 is to pro- 
vide transmit and receive clocks for the RS-422 communication 
interface and communication between the Z80 computer board 
and the terminal portion of the board. 

The Z80A-SIO is a dual channel serial input/output controller. 
Channel A is programmed to use SDLC mode for the RS-422 inter- 
face (fixed 800K bits/sec) and channel B is programmed to use 
asynchronous mode for communication between Z-80 portion and 
terminal portion (fixed 19 .2K baud). 

The Z 8 OA-DMA is a direct memory access controller. When it 
is enabled, it controls the data flow between the memory 
and channel A of the SIO in this system. In order to 
guarantee CPU refreshing dynamic memory within every 2 msec, 
the DMA is programmed to be used in the burst transfer mode 
in which the DMA releases all buses when Channel A of the 
SIO is not requesting any data transfer. The TS800 computer 
board uses four switch positions for system options (posi- 
tions 1, 2, 3 and 4 of Sw 1). The functions of these four 
positions is software dependent. The main memory in TS800 
computer board contains eight of 64K X 1 dynamic memory 
chips. Besides these 64K bytes of dynamic memory, 4K bytes 
of ROM and IK bytes of static RAM are used for initialization, 
"boot" up and system diagnostics every time power is turned 
on. A detailed description of all memory will be covered in 
the next section. 
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3.0 FUNCTION OF THE SYSTEM 



The TS800 clock generator generates a 8 MHz and 4 MHz clock 
frequencies which are supplied to the CPU, SIO , CTC , DMA 
and memory control logic. After power is first turned on, 
the system is reset to the idle state. All system chips must 
be programmed individually to the correct operating mode. CTC 
channel and channel 1 supply different clock frequencies 
to SIO channel A and channel B, respectively. SIO channel 
A is used for RS-422 interface and SIO channel B is used for 
serial interface between Z80 computer portion and terminal 
portion of the board. 

The DMA is used during data communication between the TS 800 
and TeleVideo Systems service processors . During DMA 
operations , the DMA uses all buses directly for high speed 
data transfer. 

There are three different kinds of memory devices in the TS 800 
computer board (dynamic RAM, static RAM and ROM ) . After 
power is first turned on, a latch will automatically select 
4K bytes of ROM as the memory space accessible by CPU. 
This memory space is shown in Figure 3. 
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FIGURE 3 MEMORY CONFIGURATION AFTER RESET 
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The ROM locations from to 4K contain all system boot up, 
initialization and diagnostic programs. The static RAM 
locations from 4K to 5K are used as a scratch pad area for 
the "ROM" programs. The operating system will be loaded 
into the higher dynamic RAM area between 16K to 64K area. 
Upon completion of loading the operating system, a single 
instruction (out [04H] , A) will be executed and the 
memory space is switched to all 64K bytes of dynamic RAM 
as shown in Figure 4. 
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FIGURE 4 MEMORY CONFIGURATION AFTER INSTRUCTION 

•OUT 04H, A 1 



The functions of the memory control logic is to Supply 
necessary read/write signals, address latching signals and 
refresh signal to the dynamic RAM. Because of the difference 
in speed of the three types of memories, one cycle of 'wait 
state 1 is inserted to the read/write cycle when the CPU accesses 
the ROM or the static RAM location. 
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4.0 OPERATION OF THE SYSTEM 



The clock generating circuit generates a 4 MHz system clock 
which supplies all the Z-80A family chips and memory control 
circuit. A counter 74LS161A (A62) is used to divide down 
the 16 MHz clock from the oscillator to 4 MHz clock. Clock 
output voltage is a critical signal for all the Z-80A family 
chips . The high output voltage of the clock must be between 
4.4 V and 5.3 V and the low output voltage of the clock must 
be between -0.3V to . 45V as shown in Figure 5 . In order to 
satisfy this requirement, a transistor (2N2907) is used to 
pull the clock output high voltage to about 5V. 
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FIGURE 5 SYSTEM CLOCK 



Each dynamic RAM used in the TS 800 system is organized as 

65536 X 1 bits. Eight dynamic RAM chips are used in one 
system (65536 X 8) . Multiplexed addressing and periodic 
refreshing are required for this type of memory . The memory 
timing diagram is shown in Figure 6 . The MREQ - signal and 
RFSH- $ignal from the CPU is outputed to the memory control 
circuit which is implemented with three D flip-flop 74S74 
(A55 and A75) „ two NAND gates 74S00 (A74) , three nor gates 
(74S02 (A72) , 74LS02 (A73) and one 3-input NOR gate 74LS27 
(A76) . Two multiplexers 74S157 (A37 and A40) are used to 
multiplex the 16 address lines from the CPU into the 
8 address lines on the dynamic memory. The row address 
and column address are latched internally by the falling 
edge of the RAS- and CAS- signals, respectively* Each memory 
cell in the memory chip must be refreshed at least every two 
ms. f RAS only 1 refresh cycle and 1 128 refresh cycle" are used 
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FIGURE 6 



in this system. A serial resistor (68 ohm) is connected to 
each address line, RAS signal and CAS signal lines on the 
dynamic memory. The purpose of using these resistors is to 
reduce the signal under-shoot on the lines. 

During DMA operations, the CPU stops sending refresh signals 
to the memory control circuit* Memory contents will be lost 
if DMA holds the buses for more than two ms . The other two 
types of memory used in this system are the static RAM and 
ROM. Since both static RAM and ROM are slow memory (slow 
access time) compared with Z-80A memory access time, one 
"wait cycle" is automatically inserted by the "wait control 
circuit" when either one of these two types of memory is 
accessed. Timing diagram is shown in Figure 7. This "wait 
control circuit" is implemented with two D flip-flop 74LS74 
(A4) and one NAND gate 74S10 (A3) . 




FIGURE 7 WAIT CYCLE INSERTED TIMING 



The TS800 control board has a total of five physical I/O 
and 11 logical devices. They are dip switch, memory latch, 
CTC, SIO and DMA as mentioned before. During CPU I/O oper- 
ations, CPU sends out I/O address on the address bus. The 
content of the address bus is decoded by a decoder 74LS138 
(All) to select one of the I/O devices. The following table 
shows all the I/O addresses of TS800 computer board. 



INPUT/OUTPUT PORT ADDRESSES OF TS-8 

o Dip Switch (switch 1, 2, 3, & 4 of sw 1) — — - 00H 
o Memory Latch 04H 



o 


CTC 


Channel 





08H 


SIO Channel A Clock 


o 


CTC 


Channel 


1 


~ 09H 


SIO Channel B Clock 


o 


CTC 


Channel 


2 


OAH 


Unused 




o 


CTC 


Channel 


3 


OBH 


Unused 




o 


SIO 


Channel 


A 


(data) — 


— OCH 


SDLC/DMA Interface/RS422 


o 


SIO 


Channel 


A 


( command / status ) 


OEH DMA Interface/RS422 


o 


SIO 


Channel 


B 


(data) 


— ODH 


19. 2K Baud Internal Link 


o 


SIO 


Channel 


B 


(command /status) 


OFH 19.2K Baud Internal 


o 


DMA 


10H 









I/O timing of each I/O device are shown from Figure 8 to 
Figure 13. 




FIGURE 8 SWITCH READING TIMING 
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FIGURE 9 



MEMORY LATCH TIMING 
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FIGURE 10 CTC TIMING 
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FIGURE 11 SIO READ /WRITE CYCLE 
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FIGURE 13 DMA I/O - TO - MEMORY TRANSFER 



The following is the summary of the hardware specifications . 

o Power Requirement — — +5V, +12, -12V 
o Power Consumption ----- Typical 5W 
o System Clock - — — 4 MHz 
o Memory 

o 64 K bytes of dynamic RAM 

o 4 K bytes of EPROM 

o 1 K bytes of static RAM 
o RS-422 Communication Mode 

o SDLC Mode 

o 800 K bits/sec 
o Printer Port (RS-232) 

o Asynchronous Mode 

o 50 to 19.2 K bits/sec 
o Interrupt Priority 

o 1st Priority — DMA 

o 2nd Priority ----- SIO 

o 3rd Priority ----- CTC 
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5.0 CONNECTOR AND SWITCH DESCRIPTION 



The positions of all the connector on the TS 800 board are 
shown in Figure 14. 
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FIGURE 14 



CONNECTOR POSITIONS 



Table 2 shows the functions of each connector on the TS800 
board. 



Connector # 

PI 
P3 
P4 
P5 
P6 



Description 

Video Signal Connector 
Key-board Connector 
RS232C Printer Interface 
RS422 User Connector 
Power Connector 



TABLE 2. 



CONNECTOR ASSIGNMENT 
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5.1 The following describe the pin assignment of each connector. 



PI Video Signal Connector 



Pin # Description 

1 H . Sync 

2 Unused 

3 Ground 

4 Video 

5 V. Sync 

P3 Key-board Connector 

Pin # Description 

1 + 12 V 

2 Ground 

3 TXD - 

4 RXD - 

P4 RS232C Printer Interface (DCE) 

Pin # Description 

1 Frame Ground 

2 Transmit Data (Receive Data) 

3 Receive Data (Transmit Data) 

4 Request to Send 

5 Clear to Send 

6 Data Set Ready 

7 Signal Ground 

8 Data Carrier Detect 

20 Data Terminal Ready (Printer Busy) 

P5 RS422 User Interface 

Pin # Description 

1 Ground 

2 TXD + 

3 RXD + 

4 RTS + 

5 CTS + 

6 TXCK - 

7 RXCK - 

8 Ground 

9 TXD - 

10 RXD - 

11 RTS - 

12 CTS - 

13 TXCK + 

14 RXCK + 

15 Test 
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P6 Power Connector 



Pin # Description 

1 - 12 V 

2 Unused 

3 Ground 

4 + 5 V 

5 + 12 V 
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5 . 2 SWITCH SETTINGS 



Switch 2 (sw 2) 



10 



Key Click 

" (Up=Of f Down=On) 

50/60 Hz 

~(Up=60Hz Down=50Hz) 



Up 

Down 



Full Duplex 



Reverse Video 
"(Up=WOB Down=BOW) 

Always Down No Parity 

Cursor Display 
"(UP^Blink Down=Steady) 

Edit Keys Always Up 



NOTE: 

Use keyboard to enter printer port word length, number of 
stop bit and parity. 
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Switch 1 (sw 1) 



1 



2 



3 



4 



5 



6 



7 



8 



9 



10 



Print Baud Rate 
Always Dp 2 Stop Bits 
Always Down 8 Data Bits 
Always Down 
Unused 



Switches 



Baud Rate (Printer) 
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1 

1 

1 
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1 
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1 
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1 
1 




1 
1 



9 




1 
1 
1 
1 





1 
1 
1 
1 



10 

















1 
1 
1 
1 
1 
1 
1 
1 



110 
135 
150 
300 
600 
1200 
1800 
2400 
3600 
4800 
7200 
9600 
19200 



9600 
50 
75 
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Pin A0-A15. Address Bus (output, active High, 

Descriptions 3-state). A0-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory- 
data bus exchanges (up to 64K bytes) and for 
I/O device exchanges. 

BUSACK. Bus Acknowledge (output, active 
Low) . Bus Acknowledge indicates to the 
requesting device that the C PU add r ess bus , 
data bus , an d control signals MREQ, IORQ, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 



BUSREQ. Bus Request (input, active L ow). 
Bus Request has a higher priority than NMI 
and is always recog nized at th e end of the cur- 
rent machine cycle. BUSREQ forces the CPU 
addres s bus, d ata bus, and control signals 
MREQ, IORQ, RD, and WR to go to a high- 
impedance state so that other devices can 
control these lines. BUSREQ is normally wire- 
ORed and requires an extern al pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

D0-D7. Data Bus (input/output, active High, 
3-state). D0-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt • 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 



mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 
INT. Interrupt Bequest (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 

IORQ. Input/ Outpu t Bequest (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
addre ss for an I/O read or write operation. 
IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can be 
placed on the data bus. 

Ml. Machine Cyc le One (output, active Low). 
Ml, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycl e of an instruction execution. Ml, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 



MREQ. Mem ory Beq uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non- Maskable Interrupt (input, acti ve 

Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

RD. Memory Bead (output, active Low, 
3-state). RD indicates that the CPU wants to 
read data from memory or an I/O device. The 
addressed I/O device or memory should use - 
this signal, to gate data onto the CPU data bus. 



RESET. Beset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high- impedance state, and all 
control o utput si gnals go to the inactive state. 
Note that RESET must be active for- a minimum 
of three full clock cycles before the reset 
operation is complete. 

RFSH. Refres h (outp ut, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
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used as a refresh address io the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 



WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 
WR. Memory Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data to be stored at the addressed 
memory or I/O location. 



Instruction The Z80 microprocessor has one of the most 

Set powerful and versatile instruction sets 

available in any 8-bit microprocessor. It 
.includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and I/O. It also 
allows operations on any bit in any location in 
memory. 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc- 
tion. The Z80 CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) contain 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 
□. 8-bit. loads 

□ 16-bit loads 

□ Exchanges, block transfers, and searches 



□ 8-bit arithmetic and logic operations 

□ General-purpose arithmetic and CPU 
control 

□ 16-bit arithmetic operations • 

□ Rotates and shifts 

□ Bit set, reset, and test operations 

□ Jumps 

□ Calls, returns, and restarts 

□ Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
• transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

□ Immediate □ Indexed . 

□ Immediate extended □ Register 

□ Modified page zero □ Register indirect 

□ Relative □ Implied 
' □ Extended □ Bit 



8-Bit 
Load 
Group 



LD (IY + d), n (IY + d) 



11 011 101 DD 



LDr, (IY + d) r-UY + d) 



11 111 101 FD 



01 110 
11 011 1 
01 110 



t 101 FD. 3 



LD (HL), n (HL) - n 
LD(IX + d). n (IX + d) - n 



00 110 110 36 2 



LD A, (BC) A - (BC) 
LD A, (DE) A - (DE) 
LD A, (nn) A - (nn) 



00 001 010 OA 
00 011 010 1A 
00 111 010 3A 



LD (BC), A (BC) - A 
LD (DE), A (DE) - A 
LD (nn), A (nn) - A 



00 000 010 02 
00 010 010 12 
00 1 10 010 32 



LD A, I 
LD A, R 
LD I, A 
LD R, A 



I - A 
R - A 



X X IFF ' 
X X IFF 



11 101 101 ED 

01 010 111 57 

11 101 101 ED 

01 011 111 5F 

11 101 101 ED 

01 000 111 47 

11 101 101 ED 

01 001 111 4F 



NOTES: r, r' means any oi the registers A, B, C, D, E, H, L. For an explanation of flag notation and symbols for 

IFF the content of the interrupt enable flip-flop, (IFF) is mnemonic tables, see Symbolic Notation section 

copied into the P/V flag. following tables. 



16-Bit Load 
Group 



Mnemonic 


Symbolic 
Operation 


s z 


H P/V N C 


Opcode 
76 543 210 Hex 


No.oi 
BytM 


Ho.of M No.of T 
Cycles States 




Comments 


LD dd, nn 


dd - nn 


• • x 


• X • • ' • 


00 ddO 001 " 


3 


3 " 10 


dd 


Pair 




























• _. n _ 






01 


DE 


LD IX, nn 


IX - nn 


• • X 


• X » • • 


11 011 101 DD 


4 


4 14 


10 


HL 










00 100 001 21 
— n — 






11 


SP 


LD IY, nn 


IY — nn ' 


e • X 


• X • • o 


11 111 101 FD 


4 


4 14 














00 100 001 21 


















— n — 




























LD HL, (nn) 


H- (nn+1) 


• « X 


• X • • • 


00 101 010 2A 


3 


5 16 








L - (nn) 






z n ~ 










LD dd, (nn) 


ddji — (nn+ 1) 


• « X 


. x • • • 


11 101 101 ED 


4 


6 20 








. dd L - (nn) 






01 ddl 011 

z n z 










LD IX, (nn) 


IXh -(nn+1) 


• • X 


• X • • • 


11 011 101 DD 


4 


6 2Q 








IX L -(nn) 






00 101 010 2A 
















- n - 










LD IY, (nn) 


IYh - (nn+1) 


• • X 


• X • • • 


11 111 101 FD 












IY L - (nn) 






00 101 010 2A 


















— n — 










LD (nn), HL 


(nn+1) - H 


• • X 


• X • • • . 


00 100 010 22 


3 


5 16 








(nn) - L 






— n — 


















— n — 










LD (nn), dd 


(nn+1) — ddfi 






11 101 101 ED 












(nn) — ddL 






01 ddO 011 
— n — 


















— n — 










LD (nn), IX 


(nn+1) - TX H 






11 011 101 DD 












(nn) - IXl 






00 1O0 010 22 
— n — 










LD (nn), IY 


(nn+1) - IYh 


• • X 


• X • • • 


11 111 101 FD 


4 


6 20 








(nn) - IYl 






00 100 oio 22 




































— n — 










LD SP, HL 


SP — HL 






11 111 001 F9 




1 6 






LD SP, IX" 


SP — IX 


• • X 


e X •"' • « 


11 011 "101 DD 


2' 


2 10 














11 111 001 F9 


















11 111 101 FD 


















11 111 001 F9 






qq 


Pair 


PUSH qq 


(SP-2) - qqL 


• • X 


• X • • • 


11 qqO 101 


1 


3 11 


00 


BC- 




(SP-1) - qq H 












01 


DE 




SP - SP -2 












10 


HL 


PUSH IX 


. (SP-2) - DC L 


• • X 


o X • • • 


' 11 Oil 101 DD 


2 


4 15 


11 


AF 




(SP-1) - IX H 






11 100 101 E5 












SP - SP -2 
















PUSHIY 


(SP-2) - IY L 


' • X 


• X • • • 


11 111 101 FD 


2 


4 15 








(SP-1) - IY H 






11 100 101 E5 












SP - SP -2 
















POPqq 


qqH - (SP+1) 


• • X 


. x • • • 


11 qqO 001 


1 


3 10 








qq L - (SP) 


















SP - SP +2 
















POP IX 


IX H - (SP + 1) 


« ' X 


• X • • • 


11 011 101 DD 


2 


4 14 








ix L - (SP) 






11 100 001 El 












SP - SP +2 
















PQPIY 


IY H - (SP+1) 


• • X 


• X • • • 


11 111 101 FD 


2 


4 14 








IY L - (SP) 






11 100 001 El 












SP - SP +2 

















Exchange, 
Block 
Transfer, 
Block Search 
Groups 



EX DE, HL 


DE - HL 


• ' X • 


X 




11 101 011 EB 


1 


1 


4 




EXAF, AF' 


AF - AF' 


• • X • 


X 




00 001 000 08 - 


1 


1 


4 




EXX 


BC - BC 


• • X • 


X 




11 011 001 D9 


1 


1 


4 


Register bank and 




DE - DE' 
















auxiliary register 




HL - HL' 
















bank exchange 


EX (SP), HL 


H - (SP+1) 


• • X • 


X 




11 100 011 E3 


1 


5 


19 






L - (SP) 


















EX (SP), DC 


IX H -.(SP + 1) 


• • X • 


X 




11 Oil 101 DD 


2 


6 


23 






DC L - (SP) 








11 100 Oil E3 










EX (SP), IY 


IY H -(SP+1) 


. . x • 


X 




11 111 101 FD 


2 




23 






IY L - (SP) 






CD 


11 100 Oil E3 










LDI 


(DE) - (HL) 


• • X 


X 


t • 


11 101 101 ED 


2 


4 


16 


Load (HL) into 




DE - DE+1 








10 100 000 AO 








(DE), increment 




HL - HL+1 
















the pointers and 




BC-BC-1 
















decrement the byte 




















counter (BC) 


LDIR 


(DE) - (HL) 


• • X 


X 


• 


11 101 101 ED 


2 


5 


21 


If BC * 




DE — DE + 1 








10 110 000 BO 


2 


4 


16 


If BC =0 




HL - HL + 1 




















BC - BC-1 




















Repeat until 




















BC = 



















NOTE: ©P/V flag is if the result of BC - 1 = 0. o 



Exchange, 
Block 
Transfer, 

Block Search LDD 
Groups 

(Continued) 



(DE) - (HL) 
DE - DE-1 
HL - HL-1 
BC - BC-1 

(DE) - (HL) 
DE - DE-1 
HL - HL-1 
BC - BC-1 
Repeat until 
BC = 



Opcode No.of No.oi M No.oi T 

76 543 210 Hex Bytes Cycles States 



X X 



HL - HL + 1 
BC - BC-1 
Repeat until 
A = (HL) or 
BC = 

A - (HL) 
HL - HL-1 
BC - BC-1 

A - (HL) 

HL - HE-1 
BC-BC-1 
Repeat until 
A = (HL) or 



© 
© 



11 101 101 ED 
10 110 001 Bl 



11 101 101 ED 
10 111 001 B9 



If BC * and. 

A * (HL) 
If BC = or 

A = (HL) 



If BC * and 
A * (HL) 

If BC = or 
A = (HL) 



NOTES: P/V flag is if the result of BC - 1 = 
(2) Z flag is 1 if A - (HL), otherwise Z = 



8-Bit 

Arithmetic 
and Logical 
Group 



ADD A, r A - A + 

ADD A, n A — A 4 



ADD A, (HL) A - A + (HL) 
ADDA, (IX + d) A - A + (IX + d) 



X V I 
X V t 



i X t X V i 
1 X I X V t 



ADDA, (IY + d) A - 



11 011 101 DD 3 

1015551 no 
- d - 

11 111 101 FD 3 



010 D 

011 E 
100 H 



ADC A, s 
SUBs 
SBC A, s 
AND s 
ORs 



INC (HL) 
INC(K + d) 



A-A + s + CY 



(HL) -(HD + l 
(K + d) - 
(K+d) + l 



INC (IY + d) (IY + d) - 
(IY + d) + 



X ! X V i 
X t • X V 1 I 



1 X X P 



1 X V 



t X t XVI 



loTol 
ioTTl 
ITool 
UTol 

run 
nm 

oo r Qpjg 1 
oo noEjpJ i 

11 011- 101 DD • 3 

00 no 11551 
.-ri- 
ll 111 101 FD 3 

oo- no liool 



s is any of r, n, 
(HL), (IX + d), 
(IY+d) as shown 
for ADD instructioi 
The indicated bits 
replace the 
the ADD set above. 



in 



m is" any of r, (HL), 
(IX+d), (IY + d) 
as shown for INC. 
DEC si 



is INC. 
jpj with 



General- 
Purpose 
Arithmetic 
and 

CPU Control 
Groups 



Mb* nlc 

m 


Operation S 
on 




Flags 


P/V N C 


76 543 210 Hex 


Bvt° 
ytes 


No.oi M No.oi T 
Cycles States 


Co 

mmen 


DAA 


Converts acc. content I 


X 


t 


X 


P • : 


00 100 111 27 


I 


1 4 


Decimal adjust 




into packed BCD 
















accumulator. 




following add or 




















subtract with packed 




















BCD operands. 


















CPL 


A - A 


• X 


1 


X 


o 1 . 


00 101 111 2F 


1 


1 4 


Complement 








































complement). 


NEG 


A — - A I 


X 




X 


V 1 1 


11 101 101 ED 


2 


2 8 


Negate acc. (two's 














01 000 100 44 






complement). 


CCF 


CY — CY 


■ X 


X 


X 


• ! 


00 111 111 3F 


1 


1 4 


Complement carry 




















flag. 


SCF 


CY - 1 


■ X 





X 


• 1 


00 110 111 37 


1 


1 4 


Set carry flag. 


NOP 


No operation • 


• X 




X 




00 000 000 00 


1 


1 4 




HALT 


CPU halted • 


• X 




X 




01 110 110 76 


1 


1 4 




DI * 


IFF — • 


' X 




X 




11 110 011 F3 


1 


1 4 




EI * 


IFF - 1 • 


■ X 




X 




11 111 011 FB 


1 


1 4 




IMO 


Set interrupt • 


• X 




X 




11 101 101 ED 


2 


2 8 
















01 000 110 46 








IM 1 


Set interrupt • 


X 




X 




11 101 101 ED 


2 


2 8 






mode 1 










01 010 110 56 








IM2 


Set interrupt • 


» X 




X 




11 101 101 ED 


2 


2 8 
















01 011 110 5E 









16-Bit 

Arithmetic 

Group 



ADD HL, s 
ADC HL, s 

SBC HL, s£ 
ADD IX. pi 



HL - HL + ss 

HL - HL + ss + CY 

HL - HL-ss-CY 
IX - IX + pp 



X X X V 1 



11 101 101 ED 
01 ssO 010 
LI 011 101 DD 



00 BC 

01 DE 

10 HL 

11 SP 

PP Reg- 

00 BC 



00 BC 

01 DE' 
10 IY 



INC IX 
INC IY 



IX - IX + 1 

IY - IY + 1 

ss - ss - 1 
IX - IX - 1 

IY — IY - 1 



11 011 101 DD 
00 100 011 23 



00 100 011 23 



n on 

00 101 

11 111 

00 101 



101 DD 
011 2B 
101 FD 



Rotate and 

Shift Group rlca 



^0 



RLC r 
RLC (HL) 



r,(HL),(IX + d).(IY + d) 



• X X 



m = r.(HL),(IX + d).(IY + d) 



<r,(HL).(IX + d),(IY + d) 



X X P 

X X P 

X X P 

X X P 

X X P 

X X P 



00 000 111 07 



00 010 111 17 



00 001 111 OF 



11 001 011 CB 

00 000 r 

11 001 011 CB 

oo ooo no 

11 011 101 DD 

n ooi on cb 



l ooi on cb 



r Reg 


000 


B 


001 


C 


010 


D 


on 


E 


100 


H 


101 


L 


111 


A 



Instruction format 
and states are as 
shown for RLC's. 
To form new 
opcode replace 
000 or RLC's 
with shown code. 



Rotate and 
Shift Group 

(Continued) 



Symbolic ' 
Operation 



Flags Opcode No.of No.oi M No.oi T 

H P/V N C 76 543 210 Hex Bytes' Cycles States 




I X X P 

i X X . P 

i X X P 

1 X X P 

I X X P 

t X X P 



loin 



Hon 
rrm 



Rotate digit left and 
right between 
the accumulator 
and location (HL). 

The content of the 
upper half of 
the accumulator is 
unaffected . 



Bit Set, Reset bit b, 
and Test 
Group 



BIT b, (HL) Z - (HL) b 
BIT b, (IX + d)b Z - (IX.+ d)b 



11 001 011 CB 

01 b r 

11 001 011 CB 

01 b 110 

11 011.. 101 DD . 

n ooi on cb 

- d - 



BIT b, (IY + d) b Z - (IY + d) b 



11 ill 101 FD 
11 001 Oil CB 
- d - 



SET b, r r b - 1 

SET b, (HL) (HL)b - 1 

SET b, (IX + d) (IX + d) b - 1 

SET b, (IY + d) (IY + d) b - 1 



RES b, m m b - 

m - r, (HL), 
(IX + d), 
(IY + d) 



X • X 
X • X 
X • X 



n ooi on cb 

[01 b r 

n ooi on cb 
03 b no 
n on 101 DD 
n ooi on cb 
- d - 
QTJ b no 

n 111 101 FD 

n ooi on cb 
_ d - 
(TJ b no 



To form new 
opcode replace 
03 of SET b, s 
with goj. Flags 
and time states for 
SET 



JPnn 


PC - nn 


• • X 


X • • 


n ooo on C3 


3 


3 


10 




















cc Condition 


IP cc, nn 


If condition cc is 


• • X 


X • • 


11 cc 010 


3 


3 


10 


000 NZ non-zero 




true PC - nn. 














001 Z zero 




otherwise 














010 NC non-carry 


















01 1 C carry 


















100 PO parity odd 


















101 PE parity even 


















110 P sign positive 


JRe 


PC - PC + e 


• • X 


X • • 


• oo on ooo is 


2 


3 


12 


111 M sign negative 










- e-2 - 










IR C, e 


If C = 0, 


• • x . 


X • • 


• 00 111 000 38 


2 


2 


7 


If condition not met. 










- e-2 - 












If C = 1, 








2 


3 


12 


■ If condition is met. 




PC - PC + e 
















JRNC, e 


If C = 1 , 


• • X 


X • • 


• oo no ooo 30 


2 


2 


7 


If condition not met. 




continue 






- e-2 - 












If C = 0, 








2 


3 


12 


If condition is met. 




PC - PC + e 
















JPZ, e 


If Z = 


• • X 


X • • 


00 101 000 28 


2 


2 


7 


If condition not met. 




continue 






- e-2 - 












If Z = 1, 








2 


3 


12 


If condition is met. 




PC - PC + e 
















JR NZ, e 


If Z = 1, 


• • X 


X • • 


00 100 000 20 


2 


2 


7 


If condition not met. 










- e-2 - 












If Z = 0, 








2 


3 


12 


If condition is met. 




PC - PC + e 
















IP (HL) 


PC - HL 


• • X 


X • • 


• 11 10J 001 E9 


1 


1 






JP (IX) 


PC - IX 


• • X 


X • • 


11 011 101 DD 


2 


2 


8 





Jump 
Group 



Jump Group 

(Continued) 



Systolic 

Mb* bmbIc Operation 


S Z H P/V R C 


Opcode 
7t 543 SID Eax 


Ko.ei 
Bytes 


Ne.ei K Ro.ei T 

Gyeies States Cosunsnts 


JP(IY) PC-IY 


• • X • X • • • 


11 111 101 FD 


2 


2 8 






11 101 001 E9 






DJNZ. • B-B-l 


• • X • X • • • 


00 010 000 10 


2 


2 8 If B * 0. 


BB - 0, 




- e-2 - 






continue 










If B * 0, 






2 


3 13 If B * 0. 


PC - PC + e 











xteruion In the relativa addressing mod*. 
. a olgned two's complement number in the rang* < -126, 129 > . 
i-2 in the opcode provide* an effective address of pc+e as PC is incremented 
by 2 prior to the addition ol e. 



Call and call m 
Return Group 



RETI 
RETNl 



(SP-1) - PC H 
(SP-2) - PC L 
PC - nn 

If condition 

continue, 
otherwise same as 
CALL nn 

PC L - (SP) 
PC H - (SP+1) 

If condition 
cc is false 
continue, 
otherwise 

reT 

Return from 
interrupt 
Return from 
non-maskable 
interrupt 

(SP-1) -PC H 
(SP-2) - PC L 
PC H - 
PC L -P 



11 001 101 CD 



11 001 001 C9 1 



11 101 101 ED 

01 001 101 4D. 

11 101 101 ED 

01 000 101 45 



If cc is false. 
If cc is true. 



If c< 



cc Condition 

000 NZ non-zero 

001 Z zero 

010 NC non-carry 

011 C carry 

100 PO parity odd 

101 PE parity even 
HOP sign positive 
111 M sign negative 



NOTE: 'RETN loads IFF 2 - IFFi 



Input and in a, m 
Output Group INr (C) 



r- (C) 

if r = 110 only the 
flags will be affected 

(HL) - (C) 
B - B-l 
HL - HL + 1 
(HL) - (C) 



X X X X 



1 X X X X 1 



11 011 011 DB 
11 101 101 ED 



(If B*0) 
4 

(If B = 0) 



n to Aq - A7 
Acc. to Ag, ~ A15 
C to Aq - A7 



C to Ao - A7 
B to Ag ~ Ais 



(HL) - (C) 
B - B -1 
HL - HL-1 
(HL) - (C) 



X X X X 1 



X 1 X X X X 1 



0A0- A 7 
o Ag ~ A15 



C to Ao - A7 
B to As - A] 5 



OUT (n), A 
OUT (C), r 



(n) - A 
(C) - r 



(C) - (HL) 
B - B-l 
HL - HL + 1 
(C) - (HL) 
B - B-l 
HL - HL + 1 
Repeat until 



1 XX 



X 1 X X X X 1 



11 010 011 D3 
11 101 101 ED 



C to Ao 
B to As 

Cto Ao 
B to Ag, 



-A? 

a ~ Ais 

-A 7 
-A15 

- A 7 

- A15 



oAq - A 7 
d A 8 - A15 



(C) - (HL) 
B - B-l 
HL - HL-1 



NOTE: Q If the 1 



X X X X 1 



C to Ao - A7 
B to A 8 - A i5 



Input and 
Output Group 
(Continued) 



Symbolic 
Operation 



Opcode No.of Nc.of M No.oi T 

76 543 210 Hex Byte* Cycles States 



OTDR (C) — (HL) 




■ 












11 101 101 ED 2 5 21 O to Ao — A7 


B - B-l 
















10 111 011 (If B*0) B to As - A15 


HL - HL-1 
















2 4 16 


Repeat until 
B = 
















(IfB = 0) 




D7 












Do 




Instruction 


S 


z 






P/V 




c 


Comments 


ADD A, s; ADC A, s 




1 X 


1 


X 






1 


8-bit add or add with carry. 


SUB s; SBC A, s; CP s; NEG 




1 X 


1 


X 


V 


1- 




8-bit subtract, subtract with carry, compare and negate accumulator. 


AND s 

OR s, XOR s 


\ 


! ' X 
! X 


1 




X 
X 


p 

p 





SI 

J 


Logical operations. 


INCs 




t X 


t 


X 


V 







8-bit increment. 


DECs 




I X 


t 


X 


V 


1 




8-bit decrement. 


ADD DD, ss 




• X 


X 


X 







! 


16-bit add. 


ADC HL, ss 




t X 


X 


X 


V 







16-bit add with carry. 


SBC HL, ss 




t X 


X 


X 


V 


1 




16-bit subtract with carry. 


RLA, RLCA, RRA; RRCA 




• X 





X 









Rotate accumulator. 


RL m; RLC m; RR m; 




t X 





X 


p 







Rotate and shift locations. 


RRC m; SLA m; 


















SRA m; SRL m 


















RLD; RRD 




1 X 





X 


p 







Rotate digit left and right. 


DAA 




1 X 




X 


p 






"Decimal adjust accumulator. 


CPL 




• X 


1 


X 








Complement accumulator. 


SCF 




• X 





X 







1 


Set carry. 


CCF 




• X' 


X 


X 









Complement carry. 


IN r (C) 




1 X 





X 


p 







Input register indirect. 


INI, IND, OUTI; OUTD 


X 


I X 


x' 


X 


X 


1 


•:} 


Block input and output. Z = if B # 0' otherwise Z = 0. 


INIR; INDR; OTIR; OTDR 


X 


1 X 


X 


X 


X 


1 




LDI; LDD 


X 


X X 





X 







:} 


Block transfer instructions. P/V = 1 if BC. * 0, otherwise P/V = 0. 


LDIR; LDDR 


X 


X X 





X 












CPI; CPIR; CPD; CPDR 


X 


1 X 


X 


X 




1 




Block search instructions. Z = 1 if A = (HL), otherwise Z = 0. P/V = 1 
if BC * 0, otherwise P/V = 0. . 



Summary oi 
Flag 

Operation 



The content of the interrupt enable flip-flop (IFF) is copied ir 
The state of bit b of location s is copied into the Z flag. 



Symbolic 
Notation 



Symbol Operation 

S ■ : Sign flag. S = 1 if the MSB of the result is 1. 

Z Zero flag. Z = 1 if the result of the operation is 0. 

P/V Parity or overflow flag. Parity (P) and overflow 

(V) share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result. If P/V holds parity, P/V = 
1 if the result of the operation is even, P/V = if 
result is odd. If P/V holds overflow,~P/V = 1 if 
the result of the operation produced an overflow. 

H Half-carry flag. H = 1 if the add or subtract 

operation produced a carry into or borrow from 
bit 4 of the accumulator. 

N Add/Subtract flag. N = 1 if the previous opera- 

tion was a subtract. 

H & N H and N flags are used in conjunction with the 

decimal adjust instruction (DAA) to properly cor- 
rect the result into packed BCD format following . 
addition or subtraction using operands with 
packed BCD format. 

C Carry/Link flag. C = 1 if the operation produced 

a carry from the MSB of the operand or result. 



Symbol 



Operation 

The flag is affected according to the result of the 
operation. 

The flag is unchanged by the operation. 
The flag is reset by the operation. 
The flag is set by the operation. 
The flag is a "don't care." 

P/V flag affected according to the overflow result 
of the operation. ' 

P/V flag affected' according to the parity result of 
the operation. 

Any one of the CPU registers A, B, C, D, E, H, L. 

Any 8-bit location for all the addressing modes 

allowed for the particular instruction. 

Any 16-bit location for all the addressing modes 

allowed for that instruction. 

Any one of the two index registers IX or IY. 

Refresh counter. 

8-bit value in range < 0, 255 > . 
16-bit value in range < 0, 65535 > . 



Zilog 



Z8410 

Z80 IDM A Direct 
Memory Access Controller 



Features 



Pin 

Description 




t: 



^51 X 



is:/ 



Aq-Ais. System Address Bus (output, 3-statej. 
Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 
BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA contr ol. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA. is normally connected to the Bus 
Acknowledge pin of the CPU. Lower- pr iority 
DMAs have their BAI connected to the BAO of 
a higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active 
Low). In a multiple- DMA configuration, this 
pin signals that no other higher-priority DMA_ 
has reguested t v e system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 
BUSREQ. Bus Bequest (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the- system address bus, 
data bus and control bus to the CPU. As an 

input, when multiple DMAs are strung 

toget her in a priority daisy chain via BAI and 
BAO, it senses when another DMA has 
requested the buses and causes this DMA to 
refrain from bus requesting until the other 
DMA is finished. Because it is a bidirectional 
pin, there cannot be any buffers between this 
DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because 
it is unidirectional into the CPU. A pull-up 
resistor is connected to this pin. 
CE/WAIT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line , but it can also be programmed to 
serve a WAIT function. As a CE line fr om the 
CPU, it becomes active when WR and IORQ 



are active and the I/O port address on the 
system address bus is the DMA's address, 
thereby allowing a transfer of control or com- 
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or I/O devices, after 
the DMA has received a bus-request ack- 
nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slowing the DMA to a speed that 
matches the memory or I/O device. 

CLK. System Clock (input). Standard Z-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system ' 
clocks, a TTL gate with a pullup resistor may 
be adequate to meet the timing and voltage 
level specification. For higher-speed systems, 
use a clock driver with an active pullup to 
meet the' Vih specification and risetime 
requirements. In all cases there should be a 
resistive pullup to the power supply of 10K 
ohms (max) to ensure proper power when the 
DMA is reset . 

D0-D7. System Data Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or I/O 
peripherals are transferred on these lines. 

TEL. Interrupt Enable In (input, active High). 
This is used with IEO to form a priority daisy 
chain when there is more than one interrupt- 
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher- 
priority device is being serviced by its CPU 
interrupt service routine. 

INT/PULSE. Interrupt Request (output, active 
Low, open drain). This requests a CPU inter- 
rupt. The CPU ac knowledges the interrupt by 
pulling its IORQ output Low during a n M l 
cycle. It is typically connected to the INT pin 
of the C PU w ith a pullup resistor and tied to 
all other INT pins in the system. This pin can. 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when the DMA is bus ma ster (i.e., the CPU's 
BUSREQ and BUSACK lines are both Low 
and the CPU cannot see interrupts). 
IORQ. Input/Output Request, (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid I/O port address for transfer of control or 
status bytes from or to the CPU, respectively; 



this D MA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the 8-bit or 16-bit address bus holds a valid, 
port address for another I/O d evice i nvolved in 
a DMA transfer of data. When IORQ and Ml " 
are both active simultaneously, an interrupt 
acknowledge is indicated. 
Ml. Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle, 
is an instruction fetch. It is used by the DMA 
to decode the return- from- interrupt instruction 
(RETI) (ED-4D) sent by the CP.U. During two- 
byte instruction fetches, Ml is active as each 
opcode byte is fetched. An interrupt ack- 
nowledge is indicated when both MI and 
IORQ are active. 

MREQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con- 
trol of the system buses, it indicates a DMA 



transfer request from or to memory. 
RD. Read (bidirectional, active Low, 3-state). 
As an input, this indicates- that the CPU wants 
to read status bytes from the DMA's- read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA- controlled read from a memory or I/O 
port, address. 

RDY. Ready (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral ; device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line ind irectly co ntrols DMA activity by caus- 
ing the BUSREQ line to go Low or High. 
WR. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA- controlled write to a memory 
or I/O port address. 



Programming The Z-80 DMA has two programmable fun- 
damental states: (1) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus requests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto- 
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an I/O port and 
sending a sequence of control bytes using an 
Output instruction (such as OTIR for the 
Z-80 CPU). 

Writing. Control or command bytes are writ- 
ten into one or more of the Write Register 
groups (WR0-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers 
in a group are sequentially accessed by first 
writing e byte to the base register containing 
register-group identification and pointer bits 
(l's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure 8b. In this 
figure, the sequence in which associated 
registers within a group can be written to is 
shown by the vertical position of the associated 
registers. For example, if a byte written to the 
, DMA contains the bits that identify WRO (bits 
DO, Dl and D7), and also contains l's in the 
bit positions that point to the associated "Port 
A Starting Address (low byte)" and "Port A 
Starting Address (high byte)," then the next 
two. .bytes written to the DMA will be stored in 
these two registers, in that order. 



Reading. The Read Registers (RR0-RR6) are 
read by the CPU by addressing the DMA as an 
I/O port using an Input instruction (such as 
INIR for the Z-80 CPU). The readable bytes 
, contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The 
registers are always read in a fixed sequence 
beginning with RRO and ending with RR6. 
However, the register read in this sequence is 
determined by programming the Read Mask in 
WR6. The sequence of reading is initialized by 
writing an Initiate Read Sequence or Set Read 
Status command to WR6. After a Reset DMA, 
the sequence must be initialized with the 
Initiate Read Sequence command or a Read 
Status command. The sequence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Sequence or Read Status 
command. 

Fixed-Address Programming. A special cir- 
cumstance arises when programming a desti- 
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem- 
porarily declaring it a fixed-source address 
and subsequently declaring the true source as 
such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 

1 . Temporarily declare Port B as source in 
WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 



Programming 

(Continued) 



4. Load Port A address in WR6. 

5. Enable DMA in WR6. 
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Figure 8b. Write Registers 
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Pin 

Description 



A(j- A7. Port A Bus (bidirectional, 3-state). 
This 8-bit bus transfers data, status, or control 
information between Port A of the PIO and a 
peripheral device. Ao'is the least significant 
bit of the Port A data bus. 
ARDY. Register A Ready (output, active 
High) . The meaning of this signal depends on 
the mode of operation selected for Port A as 
follows: 

Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 

Input Mode. This signal is active when the Port A input 
register is empty and ready to accept data from the 
peripheral device. 

Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to the 
peripheral device. In th is mod e, data is not placed on the 
Port A data bus, unless ASTB is active. 

Control Mode. This signal is disabled and forced to a Low 
state. 

ASTB. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning of 
this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input register. 
Data is loaded into the PIO when this signal is active. 

Bidirectional Mode. When this signal is active, data from 
the Port A output register is gated onto the Port A bidirec- 
tional data bus. The positive edge of the strobe acknowl- 
edges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 



B0-B7. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 
1.5 mA at 1.5 V to drive Darlington transistors. 
Bo is the least significant bit of the bus. 
B/A. PortB Or A Select (input, High = B). 
This pin defines which port is accessed during 
a data transfer between the CPU and the PIO. 
A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ao from the 
CPU is used for this selection function. 

BRDY. Register B Ready (output, active High). 
This signal is similar to ARDY, except that in 
the Port A bidirectional mode this signal is 
High when the Port A input register is empty 
and ready to accept data from the peripheral 
device. 

BSTB. Port B Strobe Pulse From Peripheral 
Device (i nput, a ctive Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 

C/D. Control Or Data Select (input, 
High = C). This pin defines the type of data 
transfer to be performed between the CPU and 
the PIO. A High on this pin during a CPU 
[ write to the PIO causes the Z-80 data bus to be 
interpreted as a command for the port selected 
by the B/A Select line. A Low on this pin 
means that the Z-80 data bus is being used to 
transfer data between the CPU and the PIO. 
Often address bit Ai from the CPU is used for 
this- function. 

CE. Chip Enable (input, active Low). A Low 
j on this pin enables the PIO to accept com- 
mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur- 
ing a read cycle. This signal is generally 
decoded from four I/O port numbers for Ports 
A and B, data, and control. 
CLE. System Clock (input). The Z-80 PIO uses 
the standard single- phase Z-80 system clock. 

D0-D7. Z-80 CPU Data Bus (bidirectional, 
' 3-state) . This bus is used to transfer all data 
and commands between the Z-80 CPU and the 
Z-80 PIO. D is the least significant bit. 

IEI. Interrupt Enable In (input, active High). 

. This signal is used to form a priority-interrupt 
daisy chain when more than one interrupt- 
driven device is being used. A High level on 
this pin indicates that no other devices of 
higher priority are being serviced by a CPU 

: interrupt service routine. 



Pin IEO. Interrupt Enable Out (output, active 

Description High). The IEO signal is the other signal 
(Continued) required to form a daisy chain priority scheme. 

It is High only if IEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus 
this signal blocks lower priority devices from 
interrupting while a higher priority device is 
being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Beq uest (output, open drain, 
active Low). When INT is active the Z-80 PIO 
is requesting an interrupt from the Z-80 CPU. 

IORQ. Input/Outp ut Req uest (input from Z-80 
CPU, active Low). IORQ is used in conjunc- 
tion with B/A, C/D, CE, and RD to transfer 
commands and data betw een the Z-80 C PU and 
the Z-80 PIO. When CE, RD, and IORQ are 
active, the port addressed by B/A transfers 

data to the CPU (a read operation). Con- 

versely, when CE and IORQ are_active but RD 
is not, the port addressed by B/A is written 
into from the CPU with either data or control 



inform ation, as specified by C/D. Also, if 
IORQ and Ml are active simultaneously, the 
CPU is acknowledging an interrupt; the inter- 
rupting port automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Ml. Machine Cycle (input from CPU, active 
Low). This signal is used as a sync pulse to 
control several i nter nal PIO operations. When 
both the Ml and RD signals are active, the 
Z-80 CPU is fetching an instruction from 
memo ry. Conversely, when both Ml and 
IORQ are active, the CPU is acknowledging 
an interrupt. In addition, Ml has two other 
functions within the Z-80 PIO: it synchronizes 
the PIO interrupt logic; when Ml occurs 
without an active RD or IORQ signal, the PIO 
is reset. 

RD. Read Cycle Status (input from Z-80 CPU, 
active Low). If RD is active, or an I/0_opera- 
tion is in progr ess, RD is used with B/A, C/D, 
CE, and IORQ to transfer data from the Z-80 
PIO to the Z-80 CPU. 



Programming Mode 0, 1, or 2. (Byte Input, Output or 

Bidirectional). Programming a port for Mode 
0, 1, or 2 requires two words per port. These i 
words are: 

A Mode Control Word. Selects the port operating mode 
(Figure 6). This word may be written any time. 
An Interrupt Vector. The Z-80 PIO is designed for use with 
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter- 
rupts are enabled, the PIO must provide an interrupt 
vector. 

Mode 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word, a vector (if interrupts are enabled), and 
three additional words, described as follows: 

I/O Register Control. When Mode 3 is selected, the mode 
control word must be followed by another control word that 
sets the I/O control register, which in turn defines which 
port lines are inputs and which are outputs (Figure 8). 

Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the 
logic conditions and the logic levels required for gener- 
ating an interrupt. Two logic conditions or functions are 
available: AND (if all input bits change to the active level, 
an interrupt is triggered), and OR (if any one of the input 
bits changes to the active level, an interrupt is triggered). 
Bit D5 sets the logic function, as shown in Figure 9. The 
active level of the input bits can be set either High or Low. 
The active level is controlled by Bit D5. 
Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If any 
bits are to be masked, then D 4 must be set. When D 4 is set, 
the next word written to the port must be a mask control 
word (Figure 10). 

Interrupt Disable. There is one other control 
word which can be used to enable or disable a 
port interrupt. It can be used without changing 
the rest of the interrupt control word 
(Figure 11). 
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CE. Chip Enable (input, active Low). When 
enabled the CTC accepts control words, inter- 
rupt vectors, or time constant data words from 
the data bus during an I/O write cycle; or 
transmits the contents of the down-counter to 
the CPU during an I/O read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
for any of the four I/O port addresses that are 
mapped to the four counter- timer channels. 

CLK. System Clock (input). Standard single- 
phase Z-80 system clock. 

CLK/TRG0-CLK/TRG3. External Clock/Timer 
Trigger (input, user-selectable active High or 
Low). Four pins corresponding to the four Z-80 
CTC channels. In counter mode, every active 
edge on this pin decrements the down- counter. 
In timer mode, an active edge starts the timer. 

CS0-CS1. Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an I/O write or read 
(usually connected to Ao and Ai). 
D0-D7. System Data Bus (bidirectional, 
3- state). Transfers all data and commands 
between the Z-80 CPU and the Z-80 CTC. 

IO. Interrupt Enable In (input, active High). 
A High indicates that no other interrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 



IEO. Interrupt Enable Out (output, active 
High). High only if IEI is High and the Z-80 
CPU is not servicing an interrupt from any 
Z-80 CTC channel. IEO blocks lower priority 
devices from interrupting while a higher 
priority -interrupting device is being serviced. 
INT. Interrupt Request (output, open drain, 
active Low). Low when any Z-80 CTC channel 
that has been programmed to enable interrupts 
has a zero- count condition in its down- counter. 
IORQ. Input/Output Request (input from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words, between the 
Z-80 C PU an d the Z-8 CTC. During_a_write 
cycle, IORQ and CE are active and RD 
inactive. The Z-80 CTC does not receive a 
specific write signal; rather, it internally 
gen erates its own from the i nverse of an ac tive 
RD signal. In a read cycle, IORQ, CE and RD 
are active; the contents of th e down - counter 
are read by the Z-80 CPU. If IORQ and Ml are 
both true, the CPU is acknowledging an inter- 
rupt request, and the highest priority inter- 
rupting channel places its interrupt vector on 
the Z-80 data bus. 

Ml. Machine Cycle One (i nput fr om CPU, 
active Low). When Ml and IORQ are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an interrupt vector 
on the data bus if it has highest priorit y, a nd if 
a channel has requested an interrupt (INT). 
RD. Read Cycle Status (i nput, a ctiv e Lo w). 
Used in conjunction with IORQ and CE to 
transfer data and channel control words 
between the Z-80 CPU and the Z-80 CTC. 



RESET. Reset (input active Low). Terminates 
all down- counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
go inactive; IEO reflects IEI; D0-D7 go to the 
high- impedance state. 

ZC/TO -ZC/TO 2 . Zero Count/Timeout (output, 
active High). Three ZC/TO pins corresponding 
to Z-80 CTC channels 2 through (Channel 3 
has no ZC/TO pin). In both counter and timer 
modes the output is an active High pulse when 
the down- counter decrements to zero. 



Programming 



Each Z-80 CTC channel must be pro- 
grammed prior to operation. Programming 
consists of writing two words to the I/O port 
that corresponds to the desired channel. The 
first word is a control word that. selects the 
operating mode and other parameters; the 
second word is a time constant, which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words are written to a chan- 
nel during the count operation, the count con- 
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 CTC channel is 
enabled, the programming procedure should 
also include an interrupt vector. Only one vec- 
tor is reguired for all four channels, because 
the interrupt logic automatically modifies the 
vector for the channel reguesting service. 

A control word is identified by a 1 in bit 0. 
A in bit 2 indicates a time constant word is to 
follow. Interrupt vectors are always addressed 
to Channel 0, and identified by a in bit 0. 

Addressing. During programming, channels 
are addressed with the channel select pins CSi 
and CS2. A 2-bit binary code selects the 
appropriate channel as shown in the following 
table. 

Channel CSi CSq 












1 
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2 ' 


2 





3 


1 


1 



Reset. The CTC has both hardware and soft- 
ware resets. The hardware reset terminates all 
down- counts and disables all CTC interrupts 
by resetting the interrupt bits in the control 
registers. In addition, the ZC/TO and Interrupt 
outputs go inactive, IEO reflects IEI, and 



D0-D7 go to the high-impedance state. All 
channels must be completely reprogrammed 
after a hardware reset. 

The software reset is controlled by bit 1 in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
When a software reset is used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word has both bits Di 
and D2 set to 1 , the addressed channel stops 
operating, pending a new time constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 = 0, operation is triggered automatically 
when the time constant word is loaded. 

Channel Control Word Programming. The 

channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 

Interrupt Enable. D7 en ables the interrupt, so 
that an interrupt output (INT) is generated at 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 

Operating Mode. D6 selects either timer or 
counter mode. 

Prescaler Factor. (Timer Mode Only). D5 

selects, factor — either 16 or 256. 

Trigger Slope. D4 selects the active edge or 
slope of the CLK/TRG input pulses. Note that 
reprogramming the CLK/TRG slope during 
operation is eguivalent to issuing an active 
edge. If the trigger slope is changed by a con- 
trol word update while a channel is pending 
operation in timer mode, the result is the same 
as a CLK/TRG pulse and the timer starts. 
Similarly , if the channel is in counter mode, 
the counter decrements. 



M°.|*M°.| 



PRESCALER VALUE* - 

1 = VALUE OF 256 
= VALUE OF 16 



EDGE SELECTION - 



- TIMECl 

= NO TIME CONSTANT FOLLOWS 

1 = TIME CONSTANT FOLLOWS 

- TIMER TRIGGER* 

= AUTOMATIC I RIGGER WHEN 

TIME CONSTANT IS LOADED 

1 = CLK/TRG PULSE STARTS TIMER 

•TIMER MODE ONLY 



Figure 5. Channel Control Word 



Programming Trigger Mode (Timer Mode Only). D3 selects 
(Continued) the trigger mode for timer operation. When D3 
is. reset to 0, the timer is triggered automatic- 
ally. The time constant word is programmed 
during an I/O write operation, which takes one 
machine cycle. At the end of the write opera- 
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle following the write opera- 
tion. Once started, the timer runs contin- 
uously. At zero count the timer reloads 
automatically and continues counting without 
interruption or delay, until stopped by a reset. 

When D3 is set to 1, the timer is triggered 
externally through the CLK/TRG input. The 
time constant word is programmed during an 
I/O write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock is met. If this minimum is not 
met, the delay is extended by another clock 
period. Conseguently, for immediate trigger- 
ing, the CLK/TRG input must precede T 2 by 
one clock cycle plus its minimum setup time. If . 
the minimum time is not met, the timer will 
start on the third clock cycle (T3). 

Once started the timer operates contin- 
uously, without interruption or delay, until 
stopped by a reset. 

Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A in D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new , 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only' way to write a time constant value is 
to write a control word with D2 set. 



Software Reset. Setting Di to 1 1 uses a soft- 
ware 1 reset, which is described in i:he Reset 
section. 

Control Word. Setting Do to 1 identifies the 
word as a control word. 

Tim© Constant Programming. Before a chan- 
nel can start counting it must receive a time 
constant word from the CPU. During program- 
ming or reprogramming, a channel control 
word in which bit 2 is set must precede the 
time Constant word to indicate that the next 
word is a time constant. The time constant 
word can be any value from 1 to 256 (Figure 
6). Note that 00i 6 is interpreted as 256. 

In timer mode, the time interval is controlled 
by three factors: 

E The system clock period (<j>) 

B The prescaler factor (P), which multiplies 

the interval by either 16 or 256 
B The time constant (T), which is programmed 

into the time constant register 

Conseguently, the time interval is the pro- 
duct of <j> x P x T, The minimum timer resolu- 
tion is 16 x (4 us with a 4 MHz clock). The 
maximum timer interval is 256 x </> x 256 (16.4 ms 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 

Interrupt Vector Programming. If the Z-80 
CTC has one or more interrupts enabled, it 
can supply interrupt vectors to the Z-80 CPU. 
To do so, the Z-80 CTC must be pre-pro- 
grammed with the most- significant five bits of 
the interrupt vector. Programming consists of 
writing a vector word to the I/O port cor- 
responding to the Z-80 CTC Channel 0. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. Di and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
reguesting interrupt service with a unigue 
interrupt vector (Figure 7) . Channel has the 
highest priority. 
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Figure 6. Time Constant Word 



Figure 7. Interrupt Vector Word 
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Pin Figures 1 through 6 illustrate the three pin 

Description configurations (bonding options) available in 
the SIO. The constraints of a 40-pin package 
make it imp ossible to bring ou t the Receive 
Clock (RxC), Transmit Clock ( TxC), Data Ter- 
minal Ready (DTR) and Sync (SYNC) signals 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 



■ Z-80 SIO/2 lacks SYNCB 

■ Z-80 SIO/1 lacks DTRB 

■ Z-30 SIO/0 has all four signals, but TxCB 
and RxCB are bonded together 

The first bonding option above (SIO/2) is the 
preferred version for most applications. The 
pin descriptions are as follows: 

B/A. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit A 
from the CPU is often used for the selection 
function. 

C/D. Control Or Data Select (input, High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a_ com- 
mandfor the channel selected by B/A. A Low 
at C/D means that the information on the data 
bus is data. Address bit Aj is often used for 
this function. 

CE. Chip Enable (input, active Low). A Low 
level at this input enables the SIO to accept 
command or data input from the CPU during a 
write cycle or to transmit data to the CPU 
during a read cycle. 



CLK. System Clock (input).. The SIO uses the 
standard Z-80 System Clock to synchronize 
internal signals. This is a single-phase clock. 

CTSA, CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general- purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf- 
fering does not guarantee a specified noise- 
level margin. 

D0-D7. System Data Bus (bidirectional, 
3-state). The system data bus transfers data 
and commands between the CPU and the Z-80 
SIO. Dq is the least significant bit. 



DCDA. DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow- 
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer- 
ing does not guarantee a specific noise- level 
margin. 

DTRA. DTRB. Data Terminal Beady (outputs, 
active Low) . These outputs follow the state pro- 
grammed into Z-80 SIO. They can also be pro- 
grammed as general-purpose outputs^ 

In the Z-80 SIO/1 bonding option, DTRB is 
omitted. 

IEI. Interrupt Enable In (input, active High). 
This signal is used with IEO to form a priority 
daisy chain when there is more than one 
interrupt- driven device. A High on this line 
indicates that no other device of higher pri- 
ority is being serviced by a CPU interrupt ser- 
vice routine. 

IEO. Interrupt Enable Out (output, active 
High). IEO is High only if IEI is High and the 
CPU is not servicing an interrupt from this 
SIO. Thus, this signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. Interrupt Bequest (output, open drain, 
active Low). Whe n th e SIO is requesting an 
interrupt, it pulls INT Low. 

IORQ. Input /Outp ut Bequest (input from CPU, 
active Low) . IORQ is used in conjunction with 



. B/A, C/D, CE and RD to transfer commands: 
and dat a bet ween t he CPU and the SIO. When 
CE, RD and IORQ are all active, the channel 

• selected by B/A transfers data t o the C PU (a 
read operation) . When CE and IORQ are 
active_but RD is inactive, the channel selected 
by B/A is written to by the CPU with either 
data or contro l information as specified by 
C/D. If IORQ and Ml are active simultane- 
ously, the CPU is acknowledging an interrupt 
and the SIO automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 
Ml. Machine Cycle (input from Z-80 CPU, 
active Low). When Ml is active and RD is also 
active, the Z-80 CPU is fetching an inst ructio n 
from memory; when MI is activ e while IORQ. is 
active, the SIO accepts Ml and. IORQ as an 
interrupt acknowledge if the SIO is the highest 
priority device that has interrupted the Z-80 
CPU. 

RxCA, RxCB. Beceiver Clocks (inputs). 
Rece ive data is sampled on the rising edge of 
RxC. The Receive Clocks may be 1, 16, 32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the Z-80 CTC 
Counter Timer Circuit for programmable baud 
rate generation. Both inputs are Schmitt- 
trigger buffered (no noise level margin is 

specified) . 

In the Z-80 SIO/0 b onding option, RxCB is 
bonded together with TxCB. 

RD. Bead Cycle Status (input from CPU, 
active Low). If RD is active, a mem ory or I/O 
read operatio n is in progress. RD is used with 
B/A, CE and IORQ to transfer data from the 
SIO to the CPU. 

RxDA, RxDB. Beceive Data (inputs, active 
High). Serial data at TTL levels. 

RESET . Beset (input, active Low). A Low 
RESET disables both receivers and transmit- 
ters, forces TxDA and TxDB marking, forces 
the modem controls High and disables all 
interrupts. The control registers must be 
rewritten after the SIO is reset and before data 
is transmitted or received. 
RTSA , RTSB. Bequest To Send (outputs, 
active Low). When the RTS bit i n Wr ite 
Register 5 (Figure 14) is set, the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the tr ansm itter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general- 
purpose outputs. 

SYNCA, SYNCB. Synchronization (inputs/out- 
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchr onou s receive 
mode , they are inputs similar to CTS and 
DCD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 



bits in Read Register (Figure '13), but have 
no other function. In the External Sync mode, 
these lines also act as inputs. When external 
synchronization is achieved, SYNC must be 
driven Low on the, secgnd-f ijsirjg edge of RxC 
after that rising edge of RxC on which the last 
bit of the sync character was received. In 
other words, after the sync pattern is detected, 
the external logic must wait for two f ull 
Receive Clo ck cycl es to activate the SYNC 
input. Once SYNC is forced Low, it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza- 
tion has been lost or a new message is about to 
start. C harac ter assembly begins on the rising 
edge of RxC th at imm ediately precedes the 
falling edge of SYNC in the External Sync 
mode. 

In the internal synchronization mode 
(Monosync and Bisync), these pins act as out- 
puts that are a ctive during the part of the 
receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition 
. is not latched, so these outputs are active each 
time a sync pattern is recognized, regardless 
of character- boundaries.. 

In the Z-80. SIO/2 bonding option, SYNCB 
is omitted. 

TxCA, TxCB. Transmitter Clocks (inputs). In 
asynchronous modes, the Transmitter Clocks 
may be 1, 16, 32 or 64 times the data rate; 
however, the clock multiplier for the transmit- 
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf- 
fered for relaxed rise- and fall-time require- 
ments (no noise level margin is specified). 
Transmitter Clocks may be driven by the Z-80 
CTC Counter Timer Circuit for programmable 

baud rate generation. 

In the Z-80 SIO/0 B onding option, TxCB is 
bondedTicffetflefwintR^ll. 
TxDA, TxDB; Transmit Data (outputs, active 
High). Serial data at TT L lev els. TxD changes 
from the falling edge of TxC. 
W/RDYA, W/RDYB. Wait/Beady A, Wait/ 
Beady B (outputs, open drain when pro- 
grammed for Wait function, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro- 
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 



Programming The system program first issues a series of 
commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first; then 
the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed via the system program prior to 
operation. The channel-select input (B/A) and 
the control/data input (C/D) are the command- 
structure addressing controls, and are normal- 
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer- 
ring data and status. 

Read Registers. The SIO contains three read 
registers for Channel B and two read registers 
for Channel A (RR0-RR2 in Figure 13) that can 
be read to obtain the status information; RR2 
contains the internally-modifiable interrupt 
vector and is only in the Channel B register 
set. The status information includes error con- 
ditions, interrupt vector and standard 
communications-interface signals . 

To read the contents of a selected read 
register other than RRO, the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera- 
tion. Then, by executing a read instruction, 
the contents of the addressed read register can 
be read by the CPU. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred, all the appropriate error bits can be 
read from a single register (RR1). 

Write Registers. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WR0-WR7 in Figure 
14) that are programmed separately to con- 
figure the functional personality of the chan- 
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO, pro- 
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (D0-D2) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to cor 
figure the SIO. 



WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bits D0-D2 to point to WRO. This 
implies that a channel reset must not be com- 
bined with the pointing to any register. 

READ REGISTER 



| D 7 | D 6 | D 5 | D 4 | D 3 | D; | D, | D | 



- Rx CHARACTER AVAILABLE 
-INT PENDING (CH. A ONLY) 
-Tx BUFFER EMPTY 



READ REGISTER If 

| D 7 | D 8 | D 5 | 0, | D 3 [ D 2 | D, | D„ | 



- PARITY ERROR 

- Rx OVERRUN ERROR 

- CRC/FRAMING ERROR 



-END OF FRAME (SDLC) 



■(•Used With Special Receive Conditu 

READ REGISTER 2 

| D 7 | D„ | D 5 | P, | P 3 | D 2 | D, | Dp \ 



Figure 13. Read Register Bit Functions 



Programming write register o 

(Continued) j Dy j Ds | Ds j D< 1 d^IT^ 
I I 



write register 4 

|D 7 |D g |D 5 |D < |D 3 |Da|D 1 |Dp] 



REGISTER 

1 REGISTER 1 
REGISTER 2 



REGISTER 4 

1 REGISTER 5 

REGISTER 6 

1 REGISTER 7 



NULL CODE 

1 SEND ABORT (SDLC) 

1 RESET EXT/STATUS INTERRUPTS 

1 1 CHANNEL RESET 

10 ENABLE INT ON NEXT Rx CHARACTER 

1 1 RESET Txl INT PENDING 
1 1 ERROR RESET 

111 RETURN FROM INT (CH-A ONLY) 

NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



SYNC MODES ENABLE 

1 1 STOP BIT/CHARACTER 

1 . 1'/! STOP BITS/CHARACTER 
. 1 1 2 STOP BITS/CHARACTER 

8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



X1 CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X84 CLOCK MODE 



WRITE REGISTER 1 

I D, [ D.J | P« | Da 1 1^ | D, | Po | 



WRITE REGISTER 5 

| D 7 | D 6 | D 5 | D 4 | D 3 | 2 [ D,,| Dp"] 



— EXT INT ENABLE 
— Tx INT ENABLE 

— STATUS AFFECTS VECTOR 
(CH. B ONLY) 



Rx INT DISABLE 

1 Rx INT ON FIRST CHARACTER 

INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) 

1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 
VECTOR) 



— WAIT/ READY ON R/T. 
-WAJTfREADY FUNCTION 
—WAIT/READY ENABLE 



— Tx CRC ENABLE 



Tx 5 BITS (OR LESSVCHARACTER 

1 Tx 7 BITS/CHARACTER 

Tx 6 BITS/CHARACTER 

1 Tx 8 BITS/CHARACTER 



WRITE REGISTER 2 (CHANNEL B ONLY) 

EIMEHEIeIIEKI 



WRITE REGISTER 6 -. 

[d 7 |d 6 [d 5 [ P< |d 3 |d 2 |d,|d ] 



L 



so SDLC Address Fi 



WRITE REGISTER 3 




lx 5 BITS/CHARACTER 
Ix 7 BITS/CHARACTER 
lx 6 BITS/CHARACTER 
tx 8 BITS/CHARACTER 



ADDRESS SEARCH MODE (SDLC) 
Rx CRC ENABLE 
ENTER HUNT PHASE 
AUTO ENABLES 



WRITE REGISTER 7 

|d 7 |d.|d 5 |d < |d 3 |d z |d 1 |d7| 



Figure 14. Write Register Bit Functions 







6-0 TERMINAL PORTION OPERATION 



CPU f Timing and Control 

(Refer to Figure 1) The 23.814 Mhz oscillator (Osc 1) is used 
to generate all timing for the terminal . It is used directly 
as the dot clock (Shift Clock) , divided by 13 to drive the UARTs, 
and divided by 14 (1. 701 Mhz) to drive the CRT controller (CCLK) 
and the CPU (via the clock stretch circuit) . 

The clock stretch circuit is capable , upon command , of generating 
clock per iods twice the normal length ( 588 ns ver sus 1175 ns) for 
accessing slow memory or per ipher al devices . Its output drives 
the I input of the 6502 CPU. The CPU then outputs I2, which 
controls the timing of the CPU bus. 1 2 is a slightly delayed 
version of I . 

The result of these circuits are 1 2 and CCLK, two signals of 
identical frequency but opposite phase , (except dur ing clock 
stretched cycles) . The importance of this will be made clear 
later in our discussion of the display controller . 

The CPU fetches its program from the ROMs (Read Only Memory) 
A41-43 . It uses the 6522 (A54) to sense switches SI and S2 and 
to generate control signals for the rest of the terminal . 

Display Controller 

(Refer to Figure 2) Timer T2, part of the 6522 , and the 6545 
(A55) are used to generate the memory address, in Display RAM, 
of each character as it is about to be displayed, and the 
hor izontal and vertical synchronization pulses necessary to con- 
trol the deflection circuits of the monitor . 

Timer T2 is used to count horizontal scan lines and interrupt 
the processor (via NMI ) when a specif ied number of scans has 
occurred. The processor then loads the memory address of the 
next data row into the CRT Controller and "sets" this address by 
generating a car e fully- timed reset to the 6545 . 

At this same time the processor loads a 4 bit value into latch, 
A61. At the time of the CRT reset this value is transferred to 
counter A60 and becomes the Row Address of the next data row. 
This value is then incremented by each horizontal sync pulse until 
the start of the next data row when it is again preset to a value 
determined by the CPU. 

The CPU and the display controller share access to the System and 
Display RAM (Random Access Memory) . This is done dur ing alternate 
phases of the 1 2 clock . Dur ing the positive portion of 1 2 the CPU 
address may be gated onto the RAM address bus by Multiplexers 
A43-46, and bidirectional transceiver A14 is enabled to pass data 
between the CPU data bus and the RAM data bus. 



During the negative portion of 1 2 the 6545 address bus is gated 
onto the RAM address bus allowing the video data to be latched 
by A24 and held for the display generator . 

This alternating access or " inter leaved 11 access allows the 
processor to operate at normal speed, without waits of any kind, 
yet prevents degradation of the display quality that could be 
caused by inadvertant appropriation of the display bus by the 
processor to access data. 

The only penalty for this scheme is the necessity for fast RAM 
(150 ns or faster ) . 

Video Generation 

(Refer to Figure 3) This Display Data and the Row Address (or 
scan address) are used to obtain the dots for the next character 
to be displayed from the character generator ROMs A3 2 and A33 . 

These dots are then fed in parallel to shift registers A22 and A23 
and emerge serially as raw video. 

Additionally, bits 0-3 of Display data and bit 7 of A33 are 
combined to generate the attribute signals Underline, Blink, Blank, 
and Reverse. ICs A19 , 20, 21 and 30 latch and delay the decoded 
attributes from the previous data row for carry-over into the next. 

Bit 6 of A33 controls the intensity of the character to be displayed. 

Gates Al, 2, 10 and 11 are used to modify the raw video to the 
proper intensity and polarity, and gate it on or off in response 
to the attribute signals and control signals BOW (used to reverse 
the entire display), cursor, BLI-RATE (used to blink the video) 
and FORCE BLANK (used to blank the entire screen) . 

Transistor Ql is used to drive the video to the proper voltage 
and current levels to drive the video module and/or an external 
monitor (using the composite video jumpers) . 

1/0 Circuits 

(Refer to Figure 4) UART A4 9 is used to receive (and optionally 
transmit) serial data from (and to) the keyboard. The transmit 
path to the keyboard is normally used to conduct the bell tone from 
the 6522 (via driver Q4) to the speaker in the keyboard. 

UARTs A50 (Main Port, P3) and A51 (Printer Port, P4) are used to 
send and receive serial data from P3 and P4 via the drivers, 
receivers and switching circuits A39, 40, 47, 48, 56, 57, 58 and 59. 

The UARTs A49, 5 and A51 (6551s) are connected to the CPU Bus 
and generate IRQ inter rrupts when commanded by the CPU to send or 
receive data. Additionally these parts contain internal baud 
rate generators that must be programmed by the CPU to control the 
baud rates. 
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Asynchronous Communication Interface Adapter (ACIA) 



The R6551 Asynchronous Communication Interface Adapter 
(ACIA) provides a program-controlled interface between 8-bit 
microprocessor-based systems and serial communication data 
sets and modems. 

With its on-chip baud rate generator, the R6551 is capable of 
transmitting at 15 different program-selectable rates between 
50 baud and 19,200 baud, and receiving at either the transmit 
rate or at 16 times an external clock rate. The R6551 has pro- 
grammable word lengths of 5, 6, 7, or 8 bits; even, odd or no 
parity; 1, 1-1/2 or 2 stop bits. 

With the R6551, a crystal is the only required external support 
component — eliminating the multiple-component support that 
is typically needed. 

In addition, the R6551 is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. A 
control register and a separate command register permit the CPU 
to easily select the R6551's operating modes and check data, 
parameters and status. 



Ordering Information 



Order 


Package 




Temperature 


Number 


Type 


Frequency 


Range 


R6551P 


Plastic 


1 MHz 


0°C to +70°C 


R6551AP 


Plastic 


2 MHz 


0°C to +70°C 


R6551C 


Ceramic 


1 MHz 


0°C to +70°C 


R6551AC 


Ceramic 


2 MHz 


0°C to +70°C 




R6551 Pin Configuration 



FEATURES 



Compatible with 8-bit microprocessors 

Full duplex or half duplex operation with buffered receiver 
and transmitter 

15 programmable Baud Rates (50 to 19,200) 

Receiver data rate may be identical to baud rate or may be 

16 times the external clock input 
Data set/modem control functions 

Programmable word lengths, number of stop bits, and parity 
bit generation and detection 
Programmable interrupt control 
Software reset 

Program-selectable serial echo mode 
Two chip selects 
2 MHz or 1 MHz clock rate 
Single +5V ±5% power supply 
28-pin plastic or ceramic DIP 
Full TTL compatibility 
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INTERNAL ORGANIZATION 



Control Register 



TRANSMIT 
CONTROL 



The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 
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R6551 Block Diagram 

Transmitter/Receiver 

Bits 0-3 of the Control Register select the divisor used to generate the 
baud rate for the Transmitter. If the Receiver clock is to use the same 
baud rate as the Transmitter, then RxC becomes an output pin and 
can be used to slave other circuits to the R6551. 
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- RECEIVER CLOCK SOURCE (RCS) 

= External Receiver Clock 

1 = Baud Rate 

- WORD LENGTH IWL] 



6 5 




1 1 5 Bits 
- STOP BIT NUMBER (SBN) 

= 1 Stop Bit 

1 = 2 Stop Bits 

= 1 '/? Stop Bits 

(For WL = 5 and No Pant 
= 1 Stop Bit 

(For WL = 8 and Parity) 
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R6551 Control Register 
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Transmitter/Receiver Clock Circuits 
Transmit and Receive Data Registers 

These registers are used as temporary data storage for the 6551 Trans- 
mit and Receive circuits. The Transmit Data Register is characterized 
as follows: 

• Bit is the leading bit to be transmitted. 

• Unused data bits are the high-order bits and are "don't care" 
for transmission. 

The Receive Data Register is characterized in a similar fashion: 

• Bit is the leading bit received. 

• Unused data bits are the high-order bits and are "0" for the 
receiver. 

• Parity bits are not contained in the Receive Data Register, but 
are stripped-off after being used for external parity checking. 
Parity and all unused high-order bits are "0". 



Command Register 

The Command Register controls specific modes and functions. 



PNC1 PNC0 



- DATA TERMINAL READY (DTR) 

= Data Terminal Not Rea dy (D TR High) 

1 = Data Terminal Ready (DTR Low) 

- INTERRUPT REQUEST DISABLED (IRD) 

= IRQ Enabled 

1 = IRQ Disabled 

- TRANSMITTER INTERRUPT CONTROL (TIC) 

3 2 
6 6 
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Hardware Reset (RES) 
Program Reset 



RTS = High, Transmit Interrupt Disabled 

1 RTS = Low, Transmit Interrupt Enabled 

1 RTS = Low, Transmit Interrupt Enabled 
1 1 RTS = Low, Transmit Interrupt Disabled 

Transmit Break on TxD 

- RECEIVER ECHO MODE (REM) 

= Receiver Normal Mode 

1 = Receiver Echo Mode 

- PARITY MODE ENABLED (PME) 

= Parity Mode Disabled 

No Parity Bit Generated 
Parity Check Disabled 

1 = Parity Mode Enabled 

" PARITY MODE CONTROL (PMC) 



Odd Parity Transmitted/Received 
Even Parity Transmitted/Received 
Mark Parity Bit Transmitted 
Parity Check Disabled 
Space Parity Bit Transmitted 
Parity Check Disabled 



R6551 Command Register 
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Status Register 



CSO, CS1 (Chip Selects) 



The Status Register reports the status of various R6551 functions 

7 6 5 4 3 2 1 



^ Parity Error* 

= No Parity Error 

1 = Parity Error Detected 

L Framing Error* 

= No Framing Error 

1 = Framing Error Detected 

Overrun* 

= No Overrun 

1 = Overrun Has Occurred 

— Receiver Data Register Full 

" Not Full 

1 = Full 

1 — — Transmitter Data Register Empty 

= Not Empty 

1 = Empty 

' — Data Carrier Detect (DCD) 

= DCD low (Detect) 

1 = DCD high (Not Detected) 
Data Set Ready (DSR) 

= DSR low (Ready) 

1 = DSR high (Not Ready) 

~ Interrupt (IRQ) 

7 6 5 4 3 2 1 = No Interrupt 

Q | . - 1 I Q o Q J Q Hardware Reset 1 = Interrupt Has Occurred 

- I - ■ ■ I . • . Program Reset 
L — 1 L — 1 1 ' 1 — 1 1 "No interrupt occurs for these conditions 

R6551 Status Register 
INTERFACE SIGNAL DESCRIPTION 

RES (Reset) 

During system initialization a low on the RES input will cause internal 
registers to be cleared. 

02 (Input Clock) 

The input clock is the system 02 clock and is used to synchronize all 
data transfers between the system microprocessor and the R6551. 

R/W (Read/Write) 

The R/W is generated by the microprocessor and is used to control 
the direction of data transfers. A high on the R/W pin allows the proc- 
essor to read the data supplied by the R6551 . A low on the R/W pin 
allows a write to the R6551 . 

IRQ (Interrupt Request) 

The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain output, permitting several devices to be connected 
to the common IRQ microprocessor input. Normally a high level, 
IRQ goes low when an interrupt occurs. 

D0-D7 (Data Bus) 

The D0-D7 pins are the eight data lines used to transfer data between 
the processor and the R6551. These lines are bi-directional and are 
normally high-impedance, except during Read cycles when the R6551 
is selected. 



The two chip select inputs are normally connected to the processor 
address lines either directly or through decoders. The R6551 is selected 
when CSO is high and CS1 is low. 

RSO, RS1 (Register Selects) 

The two register select lines are normally connected to the processor 
address lines to allow the processor to select the various R6551 internal 
registers. The following table indicates the internal register select 
coding: 



RS1 


RSO 


Write 


Read 








Transmit Data 
Register 


Receiver Data 
Register 





1 


Programmed 
Reset (Data is 
"Don't Care") 


Status Register 


1 





Command Register 


1 


1 


Control Register 



Note that only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data transfer, 
but is used to clear Bits through 4 in the Command Register and Bit 2 
in the Status Register. The Programmed Reset is slightly different 
from the Hardware Reset (RES); these differences are described in the 
individual register definitions. 

AC I A/Modem Interface Signal Description 

XTLI, XTLO (Crystal Pins) 

These pins are normally directly connected to the external crystal 
(1.8432 MHz) used to derive the various baud rates. Alternatively, 
an externally generated clock may be used to drive the XTLI pin, in 
which case the XTLO pin must float. XTLI is the input pin for the 
transmit clock. 

TxD (Transmit Data) 

The TxD output line is used to transfer serial NRZ (non-return-to- 
zero) data to the modem. The LSB (least significant bit) of the Trans- 
mit Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected, or under control 
of an external clock (as selected by the Control Register). 

RxD (Receive Data) 

The RxD input line is used to transfer serial NRZ data into the ACIA 
from the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or the rate of an externally generated receiver 
clock (as selected by the Control Register). 

RxC (Receive Clock) 

The RxC is a bi-directional pin which serves as either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode results 
if the internal baud rate generator is selected for receiver data clocking. 
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RTS (Request to Send) 



DSR (Data Set Ready) 



The RTS output pin is used to control the modem from the processor. 
The state of the RTS pin is determined by the contents of the Com- 
mand Register. 

CTS (Clear to Send) 

The CTS input pin is used to control the transmitter operation. The 
enable state is with CTS low. The transmitter is automatically dis- 
abled if CTS is high. 

DTR (Data Terminal Ready) 

This output pin is used to indicate the status of the R6551 to the 
modem. A low on DTR indicates the R6551 is enabled and a high 
indicates it is disabled. The processor controls this pin via bit of 
the Command Register. 



The DSR input pin is used to indicate to the R6551 the status of the 
modem. A low indicates the "ready" state and a high, "not-ready". 
DSR is a high-impedance input/and must be connected. If unused, 
it should be driven high or low, but not switched. 

DCD (Data Carrier Detect) 

The DCD input pin is used to indicate to the R6551 the status of the 
carrier-detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. Like DSR, DCD is 
a high-impedance input, and must be connected. 



READ/WRITE CYCLE CHARACTERISTICS 



(Vcc - 5.0V +5%, Ta = to 70°C, unless otherwise noted) 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Cycle Time 


tCYC 


1.0 


40 


0.5 


40 


MS 


02 Pulse Width 


tc 


400 




200 




ns 


Address Set-Up Time 


*AC 


120 




70 




ns 


Address Hold Time 


*CAH 












ns 


R/W Set-Up Time 


*wc 


120 




70 




ns 


R/W Hold Time 


tQWH 







o 




ns 


Data Bus Set-Up Time 


*DCW 


150 




60 




ns 


Data Bus Hold Time 


*HW 


20 




20 




ns 


Read Access Time (Valid Data) 


t CDR 




200 




150 


ns 


Read Hold Time 


tHR 


20 




20 




ns 


Bus Active Time (Invalid Data) 


t CDA 


40 




40 




ns 



(t r and tf = 10 to 30 ns) 



^YC 




DATA BUS 




Write Timing Characteristics 




Read Timing Characteristics 
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TRANSMIT/RECEIVE CHARACTERISTICS 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Transmit/Receive 
Clock Rate 


*CCY 


400* 




400* 




ns 


Tran^m it /Rpppivp 

Clock High Time 


t 

XH 


175 


- 


175 


- 


ns 


Transmit/Receive 
Clock Low Time 


*CL 


175 


- 


175 


- 


ns 


vti i + „ T u n 

A 1 LI tO 1 XU 

Propagation Delay 


*DD 


- 


500 


- 


500 


ns 


RTS Propagation 
Delay 


f DLY 




500 




500 


ns 


IRQ Propagation 
Delay (Clear) 


^RQ 




500 




500 


ns 



(t r , t f = 10 to 30 ns) 



*The baud rate with external clocking is: Baud Rate = 
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16 x T 
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NOTE: TxD rate is 1/16 TxC rate 
Transmit Timing with External Clock 
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DTR, RTS 



IRQ 

(CLEAR) 



J \ 



^*IRcH 



Interrupt and Output Timing 



PACKAGE OUTLINES 



RxC 

(INPUT) 



l CCY" 



XH~ 



NOTE: RxD rate is 1/16 RxC rate 
Receive External Clock Timing 
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CRT CONTROLLER (CRTC) 



DESCRIPTION 

The R6545-1 CRT Controller (CRTC) is designed to interface 
an 8-bit microprocessor to CRT raster scan video displays, 
and adds an advanced CRT controller to the established and 
expanding line of R6500 products. 

The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses which allow up to 16K char- 
acters with 32 scan lines per character to be addressed. A 
major advantage of the R6545-1 is that the refresh memory 
may be addressed in either straight binary or by row/column. 

Other functions in the R6545-1 include an internal cursor reg- 
ister which generates a cursor output when its contents are 
equal to the current refresh address. Programmable cursor 
start and end registers allow a cursor of up to the full char- 
acter scan in height to be placed on any scan lines of the 
character. Variable cursor display blink rates are provided. 
A light pen strobe input allows capture of the current refresh 
address in an internal light pen register. The refresh address 
lines are configured to provide direct dynamic memory refresh. 

All timing for the video refresh memory signals is derived 
from the character clock input. Shift register, latch, and mul- 
tiplex control signals (when needed) are provided by external 
high-speed timing. The mode control register allows non- 
interlaced video display modes at 50 or 60 Hz refresh rate. 
The internal status regi ster m ay be used to monitor the 
R6545-1 operation. The RES input allows the CRTC-gen- 
erated field rate to be dynamically-synchronized with line fre- 
quency jitter. 



ORDERING INFORMATION 



Part 
Number 

R6545-1P 
R6645-1AP 
R6545-1C 
R6545-1AC 



Package 

Type 

Plastic 
Plastic 
Ceramic 
Ceramic 



Frequency 

1 MHz 

2 MHz 

1 MHz 

2 MHz 



Temperature 

Range 

0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 



FEATURES 

• Compatible with 8-bit microprocessors 

• Up to 2.5 MHz character clock operation 

• Refresh RAM may be configured in row/column or straight 
binary addressing 

• Alphanumeric and limited graphics capability 

• Up and down scrolling by page, line, or character 

• Programmable Vertical Sync Width 

• Fully programmable display (rows, columns, character 
matrix) 

• Non-interlaced scan 

• 50/60 Hz operation 

9 Fully programmable cursor 

• Light pen register 

• Addresses refresh RAM to 16K characters 

• No external DMA required 

• Internal status register 

• 40-Pin ceramic or plastic DIP 

• Pin-compatible with MC6845 

• Single +5 ±5% Volt Power Supply 
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INTERFACE SIGNAL DESCRIPTION 
CPU INTERFACE 
02 (Phase 2 Clock) 

The input clock is the system Phase 2 (02) clock and is used 
to trigger all data transfers between the system processor (CPU) 
and the R6545-1. Since there is no maximum limit to the allow- 
able 02 clock time, it is not necessary for it to be a continuous 
clock. This capability permits the R6545-1 to be easily interfaced 
to non-6500 compatible microprocessors. 

R/W (Read/Writ©) 

The R/W input signal generated by the processor is use^ to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the R6545-1 , 
a low on the R/W pin allows data on data lines D0-D7 to be 
written into the R6545-1. 

OS (Chip Select) 

The Chip Select input is normally connected to the processor 
address bus eitherjjirectly or through a decoder. The R6545-1 
is selected when CS is low. 

RS (Register Seiect) 

The Register Select input is used to access internal registers. 
A low on this pin permits writes (R/W - low) into the Address 
Register and reads (R/W = high) from the Status Register. The 
contents of the Address Register is the identity of the register 
accessed when RS is high. 

D0-D7 (Data Bus) 

D0-D7 are the eight data lines used to transfer data between 
the processor and the R6545-1. These lines are bidirectional 
and are normally high-impedance except during read cycles 
when the chip is selected (CS = low). 

VIDEO INTERFACE 
HSYNC (Horizontal Sync) 

The HSYNC signal is an active-high output used to determine 
the horizontal position of displayed text. It may drive a CRT 
monitor directly or may be used for composite video generation. 
HSYNC time position and width are fully programmable. 

VSYNC (Vertical Sync) 

The VSYNC signal is an active high output used to determine 
the vertical position of displayed text. Like HSYNC, VSYNC may 
be used to drive a CRT monitor or composite video generation 
circuits. VSYNC time position and width are both programmable. 

DISPLAY ENABLE (Display Enable) 

The DISPLAY ENABLE signal is an active-high output used to 
indicate when the R6545-1 is generating active display infor- 
mation. The number of horizontal display characters per row 
and the number of vertical display rows are both fully program- 
mable and together are used to generate the DISPLAY ENABLE 
signal. DISPLAY ENABLE can be delayed one character time 
by setting bit 4 of R8 equal to 1. 



CURSOR (Cursor Coincidence) 

The CURSOR signal is an active-high output used to indicate 
when the scan coincides with the programmed cursor position 
The cursor position may be programmed to be any charade* 
in the address field. Furthermore, within the character, the cur- 
sor may be programmed to be any block of scan lines, since 
the start scan line and the end scan line are both programmable. 
The cursor position may be delayed by one character time by 
setting Bit 5 of R8 to A "1". 

LPEN (Light Pen Strobe) 

The LPEN signal is an edge-sensitive input used to load the 
internal Light Pen Register with the contents of the Refresh 
Scan Counter at the time the active edge occurs. The active 
edge of LPEN is the iow-to-high transition. 

CCLK (Clock) 

The CCLK signal is the character timing clock input and is used 
as the time base for all internal count/control functions. 

RES 

The RES signal is an active-low input used to initialize all in- 
ternal scan counter circuits. When RES is low, all internal 
counters are stopped and cleared, all scan and video outputs 
are low, and control registers are unaffected. RES must stay 
low for at ieast one CCLK period. All scan timing is initiated 
when RES goes high. In this way, RES can be used to syn- 
chronize display frame timing with line frequency. RES may also 
be used to synchronize multiple CRTC's in horizontal and/on 
vertical split screen operation. ' 

REFRESH RAM AND CHARACTER ROM INTERFACE 

MA0-MA13 (Refresh RAM Address Lines) 

These 14 signals are active-high outputs used to address the 
Refresh RAM for character storage and display operations. The 
starting scan address is fully programmable and the ending 
scan address is determined by the total number of characters 
displayed, which is also programmable, in terms of characters/ 
line and lines/frame. 

There are two selectable address modes for MA0-MA13: 

In the straight binary mode (R8, Mode Control, bit 2 = "0"), 
characters are stored in successive memory locations. Thus, 
the software must be designed such that row and column char- 
acter coordinates are translated into sequentially-numbered ad- 
dresses. In the row/column mode (R8, Mode Control, bit 2 = 
"1"), MA0-MA7 become column addresses CC0-CC7 and MAS- 
MAIS become row addresses CR0-CR5. In this case, the soft- 
ware can manipulate characters in terms of row and column lo- 
cations, but additional address compression circuits are needed 
to convert the CC0-CC7 and CR0-CR5 addresses into a mem- 
ory-efficient binary address scheme. 

RA0-RA4 (Raster Address Lines) 

These 5 signals are active-high outputs used to select each ras-> 
ter scan within an individual character row. The number of rastet! 
scan lines is programmable and determines the character height, 
including spaces between character rows. 
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Table 1. Overall Register Structure and Addressing 



CPU l/F 




VIDEO l/F 

HSYNC 
VSYNC 

DISPLAY ENABLE 

CURSOR 

LPEN 

CCLK 

RES 



STATUS REGISTER (SR) 

This 8-bit register contains the status of the CRTC. Only two 
bits are assigned, as follows: 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 




LRF 


VRT 













MA0-MA13 RA0-RA4 

REFRESH RAM AND CHARACTER ROM 

R 6545-1 Interface Diagram 



INTERNAL REGISTER DESCRIPTION 

ADDRESS REGISTER 

This 5-bit write-only register is used as a "pointer" to direct 
CRTC/CPU data transfers within the CRTCJts contents is the 
number of the desired register (0-1 7). When CS and RS are low, 
then this register may be loaded; when CS is low and RS is 
high, then the register selected is the one whose identity is 
stored in this address register. 



' NOT USED 

-Vertical Re-Trace (VRT) 

s Scan is not currently in its vertical re-trace time, 

1 » Scan is currently in its vertical re-trace time. 

Note that this bit actually does to a "1" when vertical 
re-trace starts, hut goes to a "0" five character clock 
times before vertical re-trace ends, so that critical 
timings for refresh RAM operations are avoided. 

- LPEN Register Full (LRF) 

= Register R 16 or R 17 has been read by the CPU. 

1 - LPEN strobe has been received. 

- Not Used 



NOTE: The Status Register takes the State, |-|o|l [ — | - 1 - | 
immediately after power (Vqq) turn-on. 
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RO— HORIZONTAL TOTAL CHARACTERS 



R7— VERTICAL SYNC POSITION 



This 8-bit write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. The 
frequency of HSYNC is thus determined by this register. 

R1 —HORIZONTAL DISPLAYED CHARACTERS 

This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 



This 7-bit write-only register is used to select the character r 
time at which the vertical SYNC pulse is desired to occur ai 
thus, is used to position the displayed text in the vertical direction. 

R8 — MODE CONTROL (MC) 

This 8-bit write-only register selects the operating modes of the 
R6545-1, as follows: 



R2— HORIZONTAL SYNC POSITION 

This 8-bit write-only register contains the position of the hori- 
zontal SYNC on the horizontal line, in terms of the character 
location number on the line. The position of the HSYNC deter- 
mines the left to right location of the displayed text on the video 
screen. In this way, the side margins are adjusted. 

R3— HORIZONTAL AND VERTICAL SYNC WIDTHS 

This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 



8 


4 


2 


1 


8 


4 


2 


1 



HSYNC Pulse Width 

The width of the horizontal sync 
pulse (HSYNC) in the number of 
character clock times (CCLK). 



VSYNC Pulse Width 

The width of the vertical sync 
pulse (VSYNC) in the number of 
scan lines. When bits 4-7 are 
all "0", VSYNC will be 16 scan 

lines wide. 



Control of these parameters allows the R6545-1 to be interfaced 
to a variety of CRT monitors, since the HSYNC and VSYNC 
timing signals may be accommodated without the use of exter- 
nal one shot timing. 

R4— VERTICAL TOTAL ROWS 

The Vertical Total Register is a 7-bit register containing the total 
number of character rows in a frame, minus one. This register, 
along with R5, determines the overall frame rate, which should 
be close to the line frequency to ensure flicker-free appearance. 
If the frame time is adjusted to be longer than the period of the 
line frequency, then RES may be used to provide absolute 
synchronism. 

R5— VERTICAL TOTAL LINE ADJUST 

The Vertical Total Line Adjust Register (R5) is a 5-bit write-only 
register containing the number of additional scan lines needed 
to complete an entire frame scan and is intended as a fine ad- 
justment for the video frame time. 

R6— VERTICAL DISPLAYED ROWS 

This 7-bit write-only register contains the number of displayed 

character rows in each frame. 



- Must Program to "0" 

- Not Ussd 



- Refresh RAM Addressing Mode (RAD) 

= for straight binary 

1 = for Row/Column 

- Must Program to "0" 



- Display Enable Skew (DES) 

= for no delay. 

1 = to delay Display Enable one character time. 

-Cursor Skew (CSK) 

= for no delay. 

1 = to delay Cursor one character time. 



R9— ROW SCAN LINES 

This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 

R10— CURSOR START LINE 

R11— CURSOR END LINE 

These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor blink mode, as follows: 



Bit 

6 




1 
1 



Bit 

5 


1 


1 



Cursor Blink Mode 

Display Cursor Continuously 
Blank Cursor Continuously 
Blink Cursor at 1/16 Field Rate 
Blink Cursor at 1/32 Field Rate 



R1 2— DISPLAY START ADDRESS HIGH 
R13— DISPLAY START ADDRESS LOW 

These registers form a 14-bit register whose contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display is ac- 
complished by changing R12 and R13 to the memory addre r 
associated with the first character of the desired line of text 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. 
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NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO) 



NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 

-A. 



DISPLAY START ADDRESS HIGH (R12)» 
^/DISPLAY START ADDRESS LOW (R13)» 



NUMBER OF 
VERTICAL 
TOTAL < 
ROWS 

(R4) 



NUMBER OF 
VERTICAL 
DISPLAY < 
ROWS 

(R6) 




VERTICAL 
TOTAL \ 
ADJUST (R5» 



\CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (R15) 



DISPLAY PERIOD 



VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 



HORIZONTAL 

RETRACE 

PERIOD 

(NON-DISPLAY) 



NUMBER OF 
SCAN LINES (R9) 



-CURSOR START LINE (R10) 
"CURSOR END LINE (R11) 



Figure 1. Video Display Format 



R14 — CURSOR POSITION HIGH 
R15— CURSOR POSITION LOW 

These registers form a 14-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this 
register, and when the scan line counter (RA lines) falls within 
the bounds set by R10 and FM1, then the CURSOR output be- 
comes active. Bit 5 of the Mode Control Register (R8) may be 
used to delay the CURSOR output by a full CCLK time to ac- 
commodate slow access memories. 

R1 6— LIGHT PEN HIGH 
R17 — LIGHT PEN LOW 

These registers form a 14-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from 
low to high, then, on the next negative-going edge of CCLK, the 
contents of the internal scan counter is stored in registers R16 
and R17. 

REGISTER FORMATS 

Register pairs R12/R13, R14/R15, and R16/R17 are formatted 
in one of two ways: 

(1) Straight binary, if register R8, bit 2 = "0". 

(2) Row/Column, if register R8, bit 2 = "1". In this case the 
low byte is the Character Column and the high byte is the 
Character Row. 



DESCRIPTION OF OPERATION 
VIDEO DISPLAY 

Figure 1 indicates the relationship of the various program reg- 
isters in the R6545-1 and the resultant video display. 

Non-displayed areas of the Video Display are used for horizon- 
tal and vertical retrace functions of the CRT monitor. The hori- 
zontal and vertical sync signals, HSYNC and VSYNC, are pro- 
grammed to occur during these intervals and are used to trigger 
the retrace in the CRT monitor. The pulse widths are con- 
strained by the monitor requirements. The time position of the 
pulses may be adjusted to vary the display margins (left, right, 
top, and bottom). 

REFRESH RAM ADDRESSING 



Shared Memory Mode (R8, bit 3 = "0") 

In this mode, the Refresh RAM address lines (MA0-MA13) di- 
rectly reflect the contents of the internal refresh scan character 
counter. Multiplex control, to permit addressing and selection of 
the RAM by both the CPU and the CRTC, must be provided 
external to the CRTC. In the Row/Column address mode, lines 
MA0-MA7 become character column addresses (CC0-CC7) and 
MA8-MA13 become character row addresses (CR0-CR5). 
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ADDRESSING MODES 
Row/Column 

In this mode, the CRTC address lines (MA0-MA13) are gener- 
ated as 8 column (MA0-MA7) and 6 row (MA8-MA13) ad- 
dresses. Extra hardware is needed to compress this addressing 
into a straight binary sequence in order to conserve memory in 
the refresh RAM. 

Binary 

In this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity is increased since the CRT characters cannot be stored 
in terms of their row and column locations, but must be 
sequential. 

USE OF DYNAMIC RAM FOR REFRESH MEMORY 

The R6545-1 permits the use of dynamic RAMS as storage de- 
vices for the Refresh RAM by continuing to increment memory 
addresses in the non-display intervals of the scan. This is a vi- 
able technique, since the Display Enable signal controls the 
actual video display blanking. Figure 2 illustrates Refresh RAM 
addressing for the case of binary addressing for 80 columns and 
24 rows with 10 non-displayed columns and 10 non-displayed 
rows. 
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Bits 5 and 6 in the Cursor Start Line High Register (R10) control 
the cursor display and blink rate as follows: 



Bit 6 


Bit 5 


Cursor Operating Mode 








Display Cursor Continuously 





1 


Blank Cursor Continuously 


1 





Blink Cursor at 1/16 Field Rate 


1 


1 


Blink Cursor at 1/32 Field Rate 



The cursor of up to 32 characters in height can be displayed on 
and between the scan lines as loaded into the Cursor Start Line 
(R10) and Cursor End Line (R11) Registers. 

The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The cur- 
sor can be positioned in any of the 16K character positions. 
Hardware paging and data scrolling is thus allowed without loss 
of cursor position. Figure 3 is an example of the display cursor 
scan Sine. 



UNDERLINE 

CURSOR 



OVERLINE 
CURSOR 



BOX 
CURSOR 



4 MMMM r 



0» 
1- 
2- 

3- 
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6- 

7- 

8- 
9- 
10" 
1V 



CURSOR START 
LINE = 9 

CURSOR END 
LINE =9 




<MMMXH 




CURSOR START 
LINE = 1 

CURSOR END 
LINE = 1 



CURSOR START 
LINE = 1 

CURSOR END 

LINE -9 



Figure 3. Cursor Display Scan Line Control Examples 



Figure 2. Memory Addressing Example (80 x 24) 



CURSOR OPERATION 

A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R11) reg- 
isters and into the Cursor Position Address High (R14) and Cur- 
sor Position Low (R15) registers. 
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MPU WRITE TIMING CHARACTERISTICS 



(V cc = 5.0V ±5%, T A = to 70°C, unless otherwise noted) 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Cycle Time 


"^*CYC 


1.0 




0.5 






M s 


02 Pulse Width 


T c 


440 




200 






ns 


Address Set-Up Time 


T ACW 


180 




90 






ns 


Address Hold Time 


T CAH 














ns 


R/WSet-Up Time 


T wcw 


180 




90 






ns 


R/W Hold Time 


T CWH 














ns 


Data Bus Set-Up Time 


T DCW 


265 




100 






ns 


Data Bus Hold Time 


T HW 


10 




10 






ns 



(t r and t f - 10 to 30 ns) 
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MPU READ TIMING CHARACTERISTICS 



(V cc = 5.0V ±5%, T A = to 70°C, unless otherwise noted) 



Characteristic 


Symbol 


1 MHz 


2 MHz 


Unit 


Min 


Max 


Min 


Max 


Cycle Time 


- 

CYC 


1.0 


— 


0.5 


— 


M s 


(hi Di i lea \M.rl*h 

hjz. ru ise vv lain 


T 

T c 


440 




200 




ns 


Address Set-Up Time 


"*"acr 


180 




90 




ns 


Address Hold Time 


T CAR 












ns 


R/W Set-Up Time 


T WCR 


180 




90 




ns 


Read Access Time 


T CDR 




340 




150 


ns 


Read Hold Time 


T HR 


10 




10 




ns 


Data Bus Active Time 














(Invalid Data ) 


T CDA 


40 




40 




ns 



(t r and t f = 10 to 30 ns) 



READ CYCLE 

i n 



■ — T CYC 

T c H 
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DOCUMENT NO. 29000 D39 
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PART NUMBER 

R650X and R651X 



• 



Rockwell 



R6500 Microcomputer System 
I DATA SHEET 

R6500 MICROPROCESSORS (CPU's) 



SYSTEM ABSTRACT 

The 8-bit R6500 microcomputer system is produced with N- 
Channel, Silicon Gate technology. Its performance speeds are 
enhanced by advanced system architecture. This innovative 
architecture results in smaller chips - the semiconductor threshold 
to cost-effectivity. System cost-effectivity is further enhanced by 
providing a family of 10 software-compatible microprocessor 
(CPU) devices, described in this document. Rockwell also pro- 
vides memory and microcomputer system ... as well as low-cost 
design aids and documentation. 

R6500 MICROPROCESSOR (CPU) CONCEPT 

Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are -bus-compatible 
with earlier generation microprocessors like the M6800 devices. 

The family includes six microprocessors with on-board clock 
oscillators and drivers and four microprocessors driven by external 
clocks. The on-chip clock versions are aimed at high performance, 
low cost applications where single phase inputs, crystal or RC 
inputs provide the time base. The external clock versions are 
geared for multiprocessor system applications where maximum 
timing control is mandatory. All R6500 microprocessors are 
also available in a variety of packaging (ceramic and plastic), 
operating frequency (1 MHz and 2 MHz) and temperature (com- 
mercial, industrial and military) versions. 

MEMBERS OF THE R6500 MICROPROCESSOR 
(CPU) FAMILY 

Microprocessors with On-Chip Clock Oscillator 

Model Addressable Memory 

R6502 65K Bytes 

R6503 4K Bytes 

R6504 8K Bytes 

R6505 4K Bytes 

R6506 4K Bytes 

R6507 8K Bytes 

Microprocessors with External Two Phase Clock Output 

Model Addressable Memory 

R6512 65K Bytes 

R6513 4K Bytes 

R6514 8K Bytes 

R6515 4K Bytes 



FEATURES 

• Single +5V supply 

• N channel, silicon gate, depletion load technology 

• Eight bit parallel processing 

• 56 Instructions 

• Decimal and binary arithmetic 

• Thirteen addressing modes 

• True indexing capability 

• Programmable stack pointer 

• Variable length stack 

• Interrupt capability 

• Non-maskable interrupt 

9 Use with any type of speed memory 

• 8-bit Bidirectional Data Bus 

• Addressable memory range of up to 65K bytes 

• "Ready" input 

• Direct Memory Access capability 

• Bus compatible with M6800 

• 1 MHz and 2 MHz operation 

• Choice of external or on-chip clocks 

• On-the-chip clock options 

— External single clock input 

— RC time base input 

— Crystal time base input 

• Commercial, industrial and military temperature versions 

• Pipeline architecture 



Ordering Information 



Order Number: R65XX 



-Temperature Range: 

No suffix = 0°C to +70°C 
E = -40°C to +85°C 
(Industrial) 

MT = -55°C to +125°C 
(Military) 



NOTE: 



M = MIL-STD4I83, 
Class B 

1 — Package: 

C = Ceramic 
P = Plastic 
(Not Avaible for 
M or MT suffix) 
• Frequency Range: 
No suffix = 1 MHz 
A = 2 MHz 
■Model Designator: 

XX = 02,03,04, 
Contact your local Rockwell Representative 
concerning availability. 
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Specifications subject to 
change without notice 



R6500 Signal Description 



Clocks (0.j, 2 ) 

The R651X requires a two phase non-overlapping clock that runs 
at the voltage level. 

The R650X clocks are supplied with an internal clock generator. 
The frequency of these clocks is externally controlled. 

Address Bus (A0-A15) 

These outputs are TTL compatible, capable of driving one standard 
TTL load and 130 pF. 

Data Bus (D0-D7) 

Eight pins are used for the data bus. This is a bidirectional bus, 
transferring data to and from the device and peripherals. The out- 
puts are tri-state buffers capable of driving one standard TTL load 
and 130 pF. 

Data Bus Enable (DBE) 

This TTL compatible input allows external control of the tri-state 
data output buffers and will enable the microprocessor bus driver 
when in the high state. In normal operation DBE would be driven 
by the phase two (<t>^\ clock, thus allowing data output from 
microprocessor only during (p^- During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an open 
circuit. To disable data bus drivers externally, DBE should be held 
low. 

Ready (RDY) 

This input signal allows the user to halt or single cycle the micro- 
processor on all cycles except write cycles. A negative transition 
to the low state during or coincident with phase one (01 ) will halt 
the microprocessor with the output address lines reflecting the 
current address being fetched. If Ready is low during a write 
cycle, it is ignored until the following read operation. This con- 
dition will remain through a subsequent phase two (02) in which 
the Ready signal is low. This feature allows microprocessor inter- 
facing with the low speed PROMs as well as fast (max. 2 cycle) 
Direct Memory Access (DMA). 

Interrupt Request (IRQ) 

This TTL level input requests that an interrupt sequence begin 
within the microprocessor. The microprocessor will complete the 
current instruction being executed before recognizing the request. 
At that time, the interrupt mask bit in the Status Code Register 
will be examined. If the interrupt mask flag is not set, the micro- 
processor will begin an interrupt sequence. The Program Counter 
and Processor Status Register are stored in the stack. The micro- 
processor will then set the interrupt mask flag high so that no fur- 
ther interrupts may Occur. At the end of this cycle, the program 
counter low will be loaded from address FFFE, and program 
counter high from location FFFF, therefore transferring program 
control to the memory vector located at these addresses. The 
RDY signal must be in the high state for any interrupt to be rec- 
ognized. A 3KH external resistor should be used for proper 
wire-OR operation. 



Non-Maskable Interrupt (NMI) 

A negative going edge on this input requests that a non-maskable 
interrupt sequence be generated within the microprocessor. 

NMI is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for IRQ 
will be performed, regardless of the state interrupt mask flag. The 
vector address loaded into the program counter, low and high, are 
locations FFFA and FFFB respectively, thereby transferring pro- 
gram control to the memory vector located at these addresses. 
The instructions loaded at these locations cause the microproc- 
essor to branch to a non-maskable interrupt routine in memory. 

NMI also requires an external 3K £1 register to Vqq for proper 
wire-OR operations. 

Inputs IRQ and NMI are hardware interrupts, lines that are sam- 
pled during 02 (phase 2) and will begin the appropriate interrupt 
routine on the 0^ (phase 1) following the completion of the cur- 
rent instruction. 

Set Overflow Flag (S.O.) 

A negative going edge on this input sets the overflow bit in the 
Status Code Register. This signal is sampled on the trailing edge of 
01 and must be externally synchronized. 

SYNC 

This output line is provided to identify those cycles in which the 
microprocessor is doing an OP CODE fetch. The SYNC line goes 
high during 0^ of an OP CODE fetch and stays high for the 
remainder of that cycle. If the RDY line is pulled low during the 
0^ clock pulse in which SYNC went high, the processor will stop 
in its current state and will remain in the state until the RDY line 
goes high. In this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 



Reset 

This input is used to reset or start the microprocessor from a 
power down condition. During the time that this line is held low, 
writing to or from the microprocessor is inhibited. When a posi- 
tive edge is detected on the input, the microprocessor will imme- 
diately begin the reset sequence. 

After a system initialization time of six clock cycles, the mask 
interrupt flag will be set and the microprocessor will load the pro- 
gram counter from the memory vector locations FFFC and FFFD. 
This is the start location for program control. 

After reaches 4.75 volts in a power up routine, reset must be 
held low for at least two clock cycles. At this time the R/W and 
(SYNC) signal will become valid. 

When the reset signal goes high following these two clock cycles, 
the microprocessor will proceed with the normal reset procedure 
detailed above. 
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ADDRESSING MODES 



ACCUMULATOR ADDRESSING - This form of addressing is 
represented with a one byte instruction, implying an operation on 
the accumulator. 

IMMEDIATE ADDRESSING - In immediate addressing, the 
operand is contained in the second byte of the instruction, with 
no further memory addressing required. 

ABSOLUTE ADDRESSING - In absolute addressing, the second 
byte of the instruction specifies the eight low order bits of the 
effective address while the third byte specifies the eight high 
order bits. Thus, the absolute addressing mode allows access to 
the entire 65K bytes of addressable memory. 

ZERO PAGE ADDRESSING - The zero page instructions allow 
for shorter code and execution times by only fetching the second 
byte of the instruction and assuming a zero high address byte. 
Careful use of the zero page can result in significant increase in 
code efficiency. 

INDEXED ZERO PAGE ADDRESSING - (X, Y indexing) - This 
form of addressing is used in conjunction with the index register 
and is referred to as "Zero Page, X" or "Zero Page, Y". The effec- 
tive address is calculated by adding the second byte to the con- 
tents of the index register. Since this is a form of "Zero Page" 
addressing, the content of the second byte references a location in 
page zero. Additionally due to the "Zero Page" addressing nature 
of this mode, no carry is added to the high order 8 bits of memory 
and crossing of page boundaries does not occur. 

INDEXED ABSOLUTE ADDRESSING - (X, Y indexing) - This 
form of addressing is used in conjunction with X and Y index reg- 
ister and is referred to as "Absolute, X", and "Absolute, Y". The 
effective address is formed by adding the contents of X or Y to 
the address contained in the second and third bytes of the instruc- 
tion. This mode allows the index register to contain the index or 
count value and the instruction to contain the base address. This 
type of indexing allows any location referencing and the index to 
modify multiple fields resulting in reduced coding and execution 
time. 



IMPLIED ADDRESSING — In the implied addressing mode, the 
address containing the operand is implicitly stated in the operation 
code of the instruction. 

RELATIVE ADDRESSING - Relative addressing is used only 
with branch instructions and establishes a destination for the con- 
ditional branch. 

The second byte of the instruction becomes the operand which is 
an "Offset" added to the contents of the lower eight bits of the 
program counter when the counter is set at the next instruction. 
The range of the offset is -128 to +127 bytes from the next 
instruction. 

INDEXED INDIRECT ADDRESSING - In indexed indirect 
addressing (referred to as (Indirect, X)), the second byte of the 
instruction is added to the contents of the X index register, dis- 
carding the carry. The result of this addition points to a memory 
location on page zero whose contents is the low order eight bits 
of the effective address. The next memory location in page zero 
contains the high order eight bits of the effective address. Both 
memory locations specifying the high and low order bytes of the 
effective address must be in page zero. 

INDIRECT INDEXED ADDRESSING - In indirect indexed 
addressing (referred to as (Indirect), Y), the second byte of the 
instruction points to a memory location in page zero. The con- 
tents of this memory location is added to the contents of the Y 
index register, the result being the low order eight bits of the 
effective address. The carry from this addition is added to the 
contents of the next page zero memory location, the result being 
the high order eight bits of the effective address. 

ABSOLUTE INDIRECT - The second byte of the instruction 
contains the low order eight bits of a memory location. The high 
order eight bits of that memory iocation is contained in the third 
byte of the instruction. The contents of the fully specified mem- 
ory location is the low order byte of the effective address. The 
next memory location contains the high order byte of the effec- 
tive address which is loaded into the sixteen bits of the program 
counter. 



INSTRUCTION SET - ALPHABETIC SEQUENCE 



ADC 
AND 
ASL 

BCC 

BCS 

BEQ 

BIT 

BMI 

BNE 

BPL 

BRK 

BVC 

BVS 



Add Memory to Accumulator with Carry 

"AND" Memory with Accumulator 

Shift left One Bit (Memory or Accumulator) 

Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 

Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 
Branch on Overflow Set 



JMP Jump to New Location 

JSR Jump to New Location Saving Return Address 

LDA Load Accumulator with Memory 

LDX Load Index X with Memory 

LDY Load Index Y with Memory 

LSR Shift One Bit Right (Memory or Accumulator) 

NOP No Operation 

ORA "OR" Memory with Accumulator 

PHA Push Accumulator on Stack 

PHP Push Processor Status on Stack 

PLA Pull Accumulator from Stack 

PLP Pull Processor Status from Stack 



CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement Index Y by One 

EOR "Exclusive-or" Memory with Accumulator 

INC Increment Memory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

6502 



ROL Rotate One Bit Left (Memory or Accumulator) 

ROR Rotate One Bit Right (Memory or Accumulator) 

RTI Return from Interrupt 

RTS Return from Subroutine 

SBC Subtract Memory from Accumulator with Borrow 

SEC Set Carry Flag 

SED Set Decimal Mode 

SEI Set Interrupt Disable Status 

STA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 

TAY Transfer Accumulator to Index Y 

TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 

TXS Transfer Index X to Stack Register 

TYA Transfer Index Y to Accumulator 



vss 

RDY 

01 (OUT) 

Frq 

N.C. 

NMI 

SYNC 

VCC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

A11 



1 
2 
3 
4 
5 

6 " 
7 
8 
9 
10 
11 
12 
CZJ13 
14 
15 
EZJ16 

cJ 17 

18 
19 
20 



40 
39 
38 
37 
36 
35 
34 
33 
32' 
31 
30 
29 

28tU 



27 
26 
25 
24 
23 
22 
21 



Z3 RES 

02 (OUT) 
S.6. 
nH0 O (IN) 
HI N.C. 
13 N.C. 

H/W 
ZJ DO 
Z3 D1 
Z3 D2 
D3 
Z3 D4 
D5 
D6 
Z3 D7 

A15 
Z3 A14 
A13 
A12 
VSS 



R6502 - 40 Pin Package 



Features of R6502 



® 65K Addressable Bytes of Memory (AO-A 15) 
« IRQ Interrupt 

• On-the-chip Clock 

TTL Level Single Phase Input 
RC Time Base Input 
Crystal Time Base Input 

• SYNC Signal 

(can be used for single instruction execution) 

• RDY Signal 

(can be used to halt or single cycle execution) 
© Two Phase Output Clock for Timing of Support Chips 
« NMI Interrupt 
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INSTRUCTION SET 



INSTRUCTIONS 



IMMEDIATE AISOLIITE ZERO PAGE ACCUM 



PROCESSOR STATUS 
COOES 



7 6 5 4 3 2 1 Q 



ADC 
AND 
A S L 
B C C 
B C S 



AAM-A 

chzzz: 



(4)(1) 

(1) 



N V 
N 



2 C 

z 

Z C 



BRANCH ON C = (2) 
BRANCH ON C = 1 (2) 



ADC 
AND 
A S L 
B C C 
B C S 



BEG 
B I T 
B M I 
B N E 
BPL 



BRANCH ON Z = 1 (2) 
AAM 

BRANCH ON N = 1 (2) 
BRANCH ON Z = (2> 
BRANCH ON N = (2) 



B E Q 
B I T 
6 M I 
BNE 
BPL 



B R K 
B V C 
B V S 
C L C 
CLD 



C L I 
C L V 
CMP 
C P X 
C P Y 



BREAK 

BRANCH ON V = (2) 
BRANCH ON V = 1 (2) 
0-C 
0-D 



50. 
70 



0-1 
0-V 
A - M 
X - M 
Y - M 



Z C 

z c 
z c 



BR K 
B V C 
8 V S 
CLC 
CLD 
C L I 
C L V 
CMP 
C P X 
C P Y 



DEC 
D E X 
D E Y 
E O R 
I N C 



M - 1 - M 
X - 1 - X 
Y - 1 - Y 
A V M - A 
M + 1 ~M 



DEC 
D E X 
D E Y 
E R 
I N C 



I N X 
I N Y 
J M P 
J S R 
L D A 



X + 1 -X 
Y + 1 — Y 

JUMP TO NEW LOC 
JUMP SUB 
M - A 



I N X 

I N Y 

J M P 

J S R 

L D A 



L D X 
L D Y 
L S R 
NOP 
R A 



P H A 
PHP 
P L A 
P L P 
R L 



NO OPERATION 
A V M — A 




L D X 
L D Y 
' L S R 
NOP 
O R A 
P H A 
PHP 
P L A 
P L P 
R O L 



R O R 
R T I 
R T S 
SBC 
SEC 
S E D 




R R 
R T I 
R T S 
SBC 
SEC 
S E D 



S E I 
S T A 
S T X 
STY 
TAX 



1 - I 
A-M 



Y- M 
A — X 



S E I 
S T A 
S T X 
STY 
TAX 



T A Y 

T S X 

T X A 

T X S 

T Y A 



A - Y 
S-X 



X-S 
Y - A 



T A Y 

T S X 

T X A 

T X S 

T Y A 



ADD 1 to N IF PAGE BOUNDARY IS CROSSED 
ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE 
ADD 2 TO N IF BRANCH OCCURS TO DIFFERENT PAGE 
CARRY NOT = BORROW 

IF IN DECIMAL MODE. Z FLAG IS INVALID 
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT 



INDEX X 
INDEX Y 
ACCUMULATOR 

MEMORY PER EFFECTIVE ADDRESS 
MEMORY PER STACK POINTER 



ADD 

SUBTRACT 

AND 

OR 

EXCLUSIVE OR 



MEMORY BIT 7 
MEMORY BIT 6 
NO. CYCLES 
NO. BYTES 
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Clock Timing - R6502, 03, 04, 05, 06, 07 



Timing for Reading Data from Memory or Peripherals 



V N) 15V\ 
0.4V - - P 



1 <OUT) 



2 (OUT) 



0L" 



/ , 5V \ 



-2.4 V 

0.4V 



/— ,8V — \ 



0.4V 



\ 1.5V 

4V\^ 



0.4V 



1.SV 



-REF "A" 



\*m .PWH0 2 »~| 



REF "B" 



R/W 



ADDRESS FROM 
CPU 



DATA FROM m 
MEMORY 



RDY, S.O. 



SYNC 



■ REF "A" 



RWS 



"ADS 



'SYNC 



"2.0V 



2.0V 
■ 0.8V 



■ REF "B" 



HRW " 



2.0V 



ST 



'ACC- 



0.8V 



-REF "A" 



-2.0V 



-0.8V 
- T, it 



2.0V 
).8V 



'DSU 



'RDY, SO 



Clock Timing - R6512, 13, 14, 15 

j-* — REF "A" 



\ 



'CYC 



-PWH0 



V CC -0.2V 



0.2V 



V CC .0.2V 



0.2V 



V 



Timing for Writing Data to Memory or Peripherals 



R/W 



ADDRESS FROM 
CPU 



DATA FROM m 
CPU 



- REF "A" 



RWS 



0.8V 



'ADS 



2.0V 
0.8V 



— PWH0 2 — 

REF "B" 

Note: "REF" means Reference Points on clocks. 



MDS 



-REF "B" 



0.8V- 



2.0V 
0.8V- 



2.0V u . 

0.8V ^ 



REF "A" 
■*- T HRW 



'HA 
2.0V 

,8V 



PROGRAMMING MODEL 



15 



PCH 



8 7 

GE 



] 



ACCUMULATOR 



] INDEX REGISTER 



]lNDEX REGISTER X 



PCL ""1 PROGRAM COUNTER "PC" 



] STACK POINTER "S" 







PROCESSOR STATUS REG 'P" 



L 



CARRY 1 - TRUE 

ZERO 1 ■ RESULT ZERO 

IRQ DISABLE 1 = DISABLE 

DECIMAL MODE 1 "TRUE 
BRK COMMAND 1 - BRK 

OVERFLOW 1«TRUE 
NEGATIVE 1 - NEG. 
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REGISTER SECTION 



CONTROL SECTION 



RES IRQ NMI 



ADDRESS 
BUS 



INTERRUPT 




LOGIC 




1 


' 1 








R6512, 13, 14, 15 



^ (,N ) R6502, 03, 04, 05, 06, 07 



Note: 1. Clock Generator is not included on R6512, 13, 14, 15 

2. Addressing Capability and control options vary with each 
of the R6500 Products. 



R6500 Internal Architecture 
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DOCUMENT NO. 29000 D47 
REVISION 1, OCT. 1978 



PART NUMBER 

R6522 



1^ Rockwell 



R6500 Microcomputer System 
DATA SHEET 



VERSATILE INTERFACE ADAPTER (VIA) 



SYSTEM ABSTRACT 

The 8-bit R6500 microcomputer system is produced with N- 
channel, silicon-gate, depletion-load technology. Its perform- 
ance speeds are enhanced by advanced system architecture. 
Its innovative architecture results in smaller chips — the semi- 
conductor threshold to cost-effectivity . System cost-effectivity 
is further enhanced by providing a family of 10 software-com- 
patible microprocessor (CPU) devices, memory and I/O devices . . . 
as well as low-cost design aids and documentation. 

DESCRIPTION 

The R6522 VIA adds two powerful, flexible Interval Timers, 
a serial-to-parallel/parallel-to-serial shift register and input latch- 
ing on the peripheral ports to the capabilities of the R6520 
Peripheral Interface Adapter (PIA) device. Handshaking capa- 
bility is expanded to allow control of bidirectional data trans- 
fers between VI As in multiple processor systems and between 
peripherals. 

Control of peripherals is primarily through two 8-bit bidirectional 
ports. Each of these ports can be programmed to act as an input 
or an output. Peripheral I/O lines can be selectively controlled 
by the Interval Timers to generate programmable-frequency square 
waves and/or to count externally generated pulses. Positive con- 
trol of VIA functions is gained through its internal register organi- 
zation: Interrupt Flag Register, Interrupt Enable Register, and 
two Function Control Registers. 



Ordering Information 



Order 


Package 




Number 


Type 


Frequency 


R6522P 


Plastic 


1 MHz 


R6522AP 


Plastic 


2 MHz 


R6522C 


Ceramic 


1 MHz 


R6522AC 


Ceramic 


2 MHz 


R6522PE 


Plastic 


1 MHz 


R6&2APE 


Plastic 


2 MHz 


R6522CE 


Ceramic 


1 MHz 


R6522ACE 


Ceramic 


2 MHz 


R6522CMT 


Ceramic 


1 MHz 



Temperature 
Range 



0°C 

o°c 
o°c 
o°c 

-40°C 
-40°C 
-40°C 
-40°C 
-55°C 



to +70 U C 
to +70°C 
to +70°C 
to +70°C 
to +85°C 
to +85°C 
to +85°C 
to +85°C 
to +125 C 



TO 
R6500 < 
CPU 



8 BIT 
DATA BUS 

R/W 
02 CLOCK - 

REGISTER AND . 
CHIP SELECTS 



» 


R6522 


», 




* ► 




► 


!► 


<4 


4 



8 BIT 
DATA PORT 



CONTROL 



TO 

PERIPHERALS 



FEATURES 

• Organized for simplified software control of many functions 

• Compatible with the R650X and R651X family of micro- 
processors (CPUs) 

• Bi-directional, 8-bit data bus for communication with micro- 
processor 

• Two Bi-directional, 8-bit input/output ports for interface with 
peripheral devices 

• CMOS and TTL compatible input/output peripheral ports 

• Data Direction Registers allow each peripheral pin to act as 
either an input or an output 

• Interrupt Flag Register allows the microprocessor to readily 
determine the source of an interrupt and provides convenient 
control of the interrupts within the chip 

• Handshake control logic for input/output peripheral data 
transfer operations 

9 Data latching on peripheral input/output ports 

• Two fully-programmable interval timers/counters 

• Eight-bit Shift Register for serial interface 

• Forty-pin plastic or ceramic DIP package. 



VSS 
PAO 
PA1 CZ 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 
PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 
CB1 
CB2 CZ 
VCC 



rz= 
CZ 
CZ 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 



40 
39 
38 
37 
36 
35 

34p 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



CA1 

CA2 

RS0 

RS1 

RS2 

RS3 

RES 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

02 

CS1 

CS2 

R/W 

IRQ" 



Basic R6522 Interface Diagram 



Pin Configuration 



(c) Rockwell International Corporation 1978 
All Rights Reserved 
Printed in U.S.A. 
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Specifications subject to 
change without notice 



OPERATION SUMMARY 



Register Select Lines (RSO, RS1, RS2, RS3) 

The four Register select lines are normally connected to the. processor address bus lines to allow the processor to select the internal R6522 
roister which is to be accessed. The sixteen possible combinations access the registers as follows: 



RS3 


RS2 


RS1 


RSO 


Register 


Remarks 


RS3 


RS2 


RS1 


RSO 


Register 


Remarks 


L 


L 


L 


L 


ORB 




H 


L 


L 


L 


T2L-L 


Write Latch 


L 


L 


L 


H 


ORA 


Controls Handshake 










T2C-L 


Read Counter 


L 


L 


H 


L 


DDRB 




H 


L 


L 


H 


T2C-H 


Triggers T2L-L/T2C-L 
Transfer 


L 


L 


H 


H 


DDRA 




H 


L 


H 




SR 




L 


H 


L 


L 


T1 L-L 


Write Latch 


H 


L 


H 


H 


ACR 












• T1C-L 


Read Counter 


H 


H 


L 


L 


PCR 




L 


H 


L 


H 


T1C-H 


Trigger T1L-L/T1C-L 

Transfer 


H 


H 


L 


H 


IFR 




L 


H 


H 


L 


T1 L-L 




H 


H 


H 


L 


IER 




L 


H 


H 


H 


T1 L-H 




H 


H 


H 


H 


ORA 


No Effect on 
Handshake 



Not*;: L • 0.4V DC, H = 2.4V DC. 



Timer 2 Control 



RS3 


RS2 


RS1 


RSO 


R/W = L 


R/W = H 


H 


L 


L 


L 


Write T2L-L 


Read T2C-L 

Clear Interrupt flag 


H 


L 


L 


H 


Write T2C-H 

Transfer T2L-L to T2C-L 
Clear Interrupt flag 


Read T2C-H 



Writing the Timer 1 Register 



The operations which take place when writing to each of the four T1 addresses are as follows: 



RS3 


RS2 


RS1 


RSO 


Operation (R/W = L) 


L 


H 


L 


L 


Write into low order latch 


L 


H 


L 


H 


Write into high order latch 

Write into high order counter 

Transfer low order latch into low order counter 

Reset T1 interrupt flag 


L 


H 


H 


L 


Write low order latch 


X 


H 


H 


H 


Write high order latch 
Reset T1 interrupt flag 



Reading the Timer 1 Registers 

For tending the Timer 1 registers, the four addresses relate directly to the four registers as follows: 



RS3 



RS2 



RS1 



RSO 



Operation (R/W = H) 



Read T1 low order counter 
Reset T1 interrupt flag 

Read T1 high order counter- 
Read T1 low order latch 
Read T1 high order latch 
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I/O Timing Characteristics 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Rise and fall time for CA1 , CB1 , CA2 and CB2 input signals 


T RF 


- 


- 


1.0 


MS 


Delay time, clock negative transition to CA2 negative 
transition (read handshake or pulse mode) 


T CA2 






1 .0 


MS 


Delay time, clock negative transition to CA2 positive 
transition (pulse mode) 


T RS1 






1 .0 


MS 


Delay time, CA1 active transition to CA2 positive transition 
(handshake mode) 


T RS2 






2.0 


MS 


Delay time, clock positive transition to CA2 or CB2 negative 
transition (write handshake) 


T WHS 


- 


- 


1 .0 


MS 


Delay time, peripheral data valid to CB2 negative transition 


T DC 





- 


1.5 


MS 


Delay time, clock positive transition to CA2 or CB2 positive 
transition (pulse mode) 


T RS3 






1.0 


MS 


Delay time, CB1 active transition to CA2 or CB2 positive 
transition (handshake mode) 


T RS4 






2.0 


MS 


Delay time, peripheral data valid to CA1 or CB1 active 
transition (input latching) 


T IL 


300 






ns 


Delay time CB1 negative transition to CB2 data valid 
(internal SR clock, shift out) 


T SR1 






300 


ns 


Delay time, negative transition of CB1 input clock to CB2 data 
valid (external clock, shift out) 


T SR2 






300 


ns 


Delay time, CB2 data valid to positive transition of CB1 clock 
(shift in, internal or external clock) 


T SR3 


- 


- 


300 


ns 


Pulse Width - PB6 Input Pulse 


T IPW 


2 






MS 


Pulse Width - CB1 Input Clock 


I P\A/ 


2 






MS 


Pulse Spacing - PB6 Input Pulse 


1 IPS 


2 






MS 


Pulse Spacing - CB1 Input Pulse 


1 ICS 


2 






MS 



PB6 INPUT PULSE 
COUNTING MODE 

CB2 SERIAL* 
DATA IN 



CB1 CLOCK 



CB2 SERIAL 
DATA OUT 



' ipw- 



\ 



"SR1- 



Y. 



x 



ICW 



X 



SR2 



— 2.4 V 

— -0.4V 

— 2.4V 

— 0.4 V 
SR3 

2.4V 



- - 0.4V 

- 2.4 V 
-0.4V 



I/O Timing Characteristics 
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TIMING CHARACTERISTICS 

Read Timing Characteristics (loading 130 pF and one TTL load) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Delay time, address valid to clock positive transition 


T ACR 


180 


- 


- 


nS 


Delay time, clock positive transition to data valid on bus 


T CDR 




- 


395 


nS 


Peripheral data setup time 


^PCR 


300 






nS 


Data bus hold time 


T HR 


10 






nS 


Rise and fall time for clock input 


T RC 
T RF 






25 


nS 



'ACR' 



PHASE TWO 
CLOCK 



ADDRESS 



X 



^cdr Tv — y 



PERIPHERAL 

DATA 



:x 



^ T PCRU — 



'CR 



DATA BUS 



"CF 



'HR 



Read Timing Characteristics 



• 2.4V 



-0.4V 
— 2.4V 



-0.4 V 

-2.4V 



— 0.4 V 



Write Timing Characteristics 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Enable pulse width 


T c 


0.47 




25 




Delay time, address valid to clock positive transition 


T ACW 


180 






nS 


Delay time, data valid to clock negative transition 


T DCW 


300 






nS 


Delay time, read/write negative transition to clock positive 
transition 


T WCW 


180 






nS 


Data bus hold time 


T HW 


10 






nS 


Delay time, Enable negative transition to peripheral data valid 


"'cpw 






1.0 




Delay time, clock negative transition to peripheral data valid 
CMOS (VCC - 30%) 


T CMOS 






2.0 





PHASE TWO 
CLOCK 



ADDRESS 



READ/WRITE 



DATA BUS 



PERIPHERAL 
DATA 



/ 



X 



wcw 




'ACR 



DCW 



X 



' CPW" 



X 

/ 



X 



' CMOS 



Write Tjmmg Characteristics 



-2.4V 

-0.4V 
-2.4V 

•0.4V 



0.4V 

.VCC 
- 2.4V 



Timer 1 Operating Modes 

Two bits are provided in the Auxiliary Control Register to allow selection of the T1 operating modes. These bits and the four possible modes 
are as follows: 



Arm 






Output 


"Free-Run" 




Enable 


Enable 


Mode 





n 
u 


Generate a single time-out interrupt each time T1 is loaded 





1 


Generate continuous interrupts 


1 





Generate a single interrupt and an output pulse on PB7 for 






each T1 load operation 


1 


1 


Generate continuous interrupts and a square wave output 






on PB7 



FUNCTION CONTROL 

Control of the various functions and operating modes within the R6522 is accomplished primarily through two registers, the Peripheral Con- 
trol Register (PCR), and the Auxiliary Control Register (ACR). The PCR is used primarily to select the operating mode for the four peripheral 
control pins. The Auxiliary Control Register selects the operating mode for the Interval Timers (T1, T2), and the Serial Port (SR). 

Peripheral Control Register 

The Peripheral Control Register is organized as follows: 



Bit § 


7 


6 


5 


4 


3 


2 


1 





Function 


CB2 Control 


CB1 
Control 


CA2 Control 


CA1 

Control 



Typical functions are shown below: 



PCR3 


PCR2 


PCR1 


Mode 











Input mode — Set CA2 interrupt flag (IFRO) on a negative transition of the input signal. Clear 
I FRO on a read or write of the Peripheral A Output Register. 








1 


Independent interrupt input mode — Set IFRO on a negative transition of the CA2 input sig- 
nal. Reading or writing ORA does not clear the CA2 interrupt flag. 





1 





Input mode — Set CA2 interrupt flag on a positive transition of the CA2 input signal. Clear 
IFRO with a read or write of the Peripheral A Output Register. 





1 


1 


Independent interrupt input mode — Set IFRO on a positive transition of the CA2 input sig- 
nal. Reading or writing ORA does not clear the CA2 interrupt flag. 


1 








Handshake output mode — Set CA2 output low on a read or write of the Peripheral A Output 
Register. Reset CA2 high with an active transition on CA1 . 


1 





1 


Pulse output mode — CA2 goes low for one cycle following a read or write of the Peripheral 
A Output Register. 


1 


1 





Manual output mode — The CA2 output is held low in this mode. 


1 


1 


1 


Manual output mode — The CA2 output is held high in this mode. 



6522-5 



Auxiliary Control Register 

Many of the functions in the Auxiliary Control Register have been discussed previously. However, a summary of this register is presented 
here as a convenient reference for the R6522 user. The Auxiliary Control Register is organized as follows: 



Bit § 


7 


6 


5 


4 


3 


2 


1 











T2 








PB 


PA 


Function 


T1 Control 


Control 


Shift Register Control 


Latch 


Latch 
















Enable 


Enable 



Shift Register Control 

The Shift Register operating mode is selected as follows: 



ACR4 


ACR3 


ACR2 


Mode 











Shift Register Disabled. 








1 


Shift in under control of Timer 2. 





1 





Shift in under control of system clock. 





1 


1 . 


Shift in under control of external clock pulses. 


1 








Free-running output at rate determined by Timer 2. 


1 





1 


Shift out under control of Timer 2. 


1 


1 


. 


Shift out under control of the system clock. 


1 


1 


1 


Shift out under control of external clock pulses. 



12 Control 

Timer 2 operates in two modes, If ACR5 = 0, T2 acts as an interval timer in the one-shot mode. If ACR5 = 1 , Timer 2 acts to count a pre- 
determined number of pulses on pin PB6. 
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